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DECLARATION UNDER 37 CFR 1,132 



I, RAJESH JAIN, Ph.D, Joint Managing Director of Panacea Biotec Limited, hereby declare 
that: 

1. I am one of the applicants in the aforesaid application. My C.V. is attached herewith. 

2. I would like to bring to the notice of the learned examiner - (i) why there exists a need for 
a once-a-day composition of nimesulide and why there is a market for an effective and 
safe controlled-release dosage form of nimesulide globally, that is prepared in a easy and 
cost effective manner (ii) encouraging in vivo efficacy results obtained from the bilayered 
controlled-release dosage form of nimesulide of the present invention and (iii) the broad 
acceptance and commercial success of this novel dosage form in the domestic market, in 
India where it is being sold. 
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Registered Office: Ambala-Chandigarh Highway, Latru - 140 501, Punjab, India. Website: www.panaceabiotec.com 



Nimesulide (4-nitro-2-phenoxy-methan-sulfanilide) is a potent non steroidal anti- 
inflammatory drug, presently used in the treatment of painful inflammatory conditions, 
which also possesses antipyretic activity. Compared to the other non steroidal anti- 
inflammatory drugs, Nimesulide has a better therapeutic ratio, low acute gastrotoxicity 
and generally good tolerability with no reported cardiovascular adverse effects. 
Nimesulide is chemically different from other drugs in this class because of the presence 
of sulfonamide moiety. Nimesulide has exhibited potency similar to or greater than 
indomethacin, diclofenac, piroxicam and ibuprofen in animal models. Many published 
articles report that nimesulide is an effective NSAID with relatively favorable safety 
profile for the treatment of osteoarthritis and non-rheumatoid musculoskeletal 
conditions 1 . Nimesulide is different from Naproxen, nimesulide being a selective Cox-2 
inhibitor, which makes it more tolerable and safe having reduced to no gastro-intestinal 
side effects, while Naproxen is a non-selective Cox inhibitor, its acts on both Cox-1 and 
Cox-2 receptors and thus leads to gastro-intestinal toxicity like ulceration, bleeding, 
which makes it unacceptable. Safety profile of nimesulide has been demonstrated by 
many published articles which are enclosed herewith for your kind perusal. Briefon the 
same is given below: 

(i) Denis Riendau et al; discloses the comparative study of COX-1 inhibitory 
properties of NSAIDs and selective COX-2 inhibitors. It reveals that the selective 
COX-2 inhibitors possess anti-inflammatory effects with an improved gastro- 
intestinal tolerability compared with conventional NSAIDs affecting both COX-1 
and COX-2 2 . 

(ii) Shah, A. A. et al; reveals that nimesulide has preferential selectivity for COX-2 
over COX-1 in-vivo as full therapeutic doses and induces less gastrointestinal 
damages than that seen with naproxen in the short term 3 . 

(iii) Sheikh Arshad Saeed et al reported the anti-ischemic effect of nimesulide. In this 
study, it has been demonstrated that the nimesulide has significant improvement 
in the coronary perfusion rate which strongly suggest that coronary vasodilation 
occurs through endothelial dependant NO formation. There is evidence that COX- 
2 may be a source of oxygen radical itself and therefore, inhibition of this enzyme 
activity by nimesulide may reduce oxidative stress 4 . 
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(iv) It has been further reviewed by Rainsford K.D. that the nimesulide has relatively 
low occurrence of gastro-intestinal side effects which is related to its low 
propensity to inhibit the physiologically important COX-1 in the GI mucosa and 
important physiochemical properties as well as inhibiting of mast cell derived 
histamine and acid secretion in the stomach. In contrast with coxib, nimesulide 
has not been found to have appreciable cardiovascular toxicity 5 . 

4. At the time of development of this invention, nimesulide was available as oral immediate 
release dosage form to be administered up to 100 to 200 mg twice daily. I realized that 
for treatment of chronic diseases like arthritis the twice-daily dosing regimen is quite 
difficult to comply with. There was an impending need to develop a once-a-day 
composition to significantly increase the dosing convenience and patient compliance. 
There was also a need to develop a composition which will provide some part of the 
drug, nimesulide, as an immediate release pulse and release the remaining part of the 
drug as a constant release for extended period of time, thus providing a better efficacy in 
treatment of NSAID indicated disorders. Prior arts had suggested methods which were 
difficult to manufacture and were not cost effective, hence there was a need to develop 
the formulation in a very simple and cost effective manner. 

5. This lead to the development of the once-a-day controlled-release tablet composition 
consisting of a single unit fast release layer and a single unit extended release layer 
(essentially bilayered tablet) comprising nimesulide as an active agent in both the layers, 
extended release layer further comprising rate controlling material as claimed. 
Surprisingly this formulation has an increased residence time in the desired site of 
absorption such as stomach and proximal part of small intestine, which makes it very 
advantageous over all prior arts particularly in terms of providing a better absorption of 
nimesulide and thus its efficacy. The said dosage form of nimesulide eliminates the 
absorption of nimesulide from distal part of small intestine and large intestine which lead 
to the loss of bioavailability. This rendered a novel feature to this invention. 

6. A similar controlled-release once-a-day composition of nimesulide as described in our 
present invention in Example 10, has been studied in vivo against conventional 
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nimesulide dosage form i.e. Aulin lOOmg. Details on the test that were conducted and the 
results obtained have been discussed in Annexture-1 

7. The said composition of nimesulide was also tested in vivo against other NSAIDs 
(Diclofenac- SR 100 mg) to show comparative efficacy and safety and was found to be 
very comparable. Efficacy and safety data of Nimesulide Extended Release Tablet 2.00mg 
have been demonstrated in Annexture-2 

8. I believe that the said composition of nimesulide has broader acceptance and success in 
the market place. Herein applicant provides you information in Anexture-3 (at best 
available to me) about- 



(i) Total population for osteoarthritis patient globally 

(ii) Available treatment for osteoarthritis, an inflammation disorder 

(iii) Features of the claimed invention which render the composition as claimed to be 
highly effective and safe 

(iv) Sales data of claimed product 

9. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code, and that such willful false statement may jeopardize the 
validity of the application or any patent issued thereon. 



Signed this 20 th day of April, 2009 



Signature: 
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ANNEXTURE- 1 

Two pivotal studies were conducted to characterize the pharmacokinetics of Nimesulide ER 200 
mg tablets. The studies consisted of a (i) single-dose 3 -arm fasting/fed study and a (ii) multiple- 
dose steady-state study 

(1) Relative bioavailability of Nimesulide Extended Release Tablets 200 mg under fasting and 

Fed condition [Single-dose 3-arm fasting/fed study] 
A randomized, open label, three-treatment, three-period, three-sequence, single dose, crossover, 
comparative bioavailability study, to assess the relative bioavailability of Nimesulide Extended 
Release (ER) Tablet 200 mg of Panacea Biotec Limited, India, Willgo® (under fasting and fed 
conditions) (similar in composition to that given in our present invention in Example 10) with 
Aulin® (Nimesulide 100 mg) Tablets of CSC Pharmaceuticals, Austria (under fasting condition) 
was carried out in healthy human adult male subjects. 

A total of 36 healthy, adult male subjects aged between 18-50 years, having a body mass index 
(BMI) between 18 and 25 were enrolled for the study and housed for at least 37 hours. The study 
was conducted in three periods. In each period, subjects were dosed with one of the 3 study 
treatments: Treatment A: One tablet of Nimesulide ER 200 mg under fasting conditions, 
Treatment B: One tablet of Nimesulide ER 200 mg under fed conditions, Treatment C: Two 
tablets of Aulin® (Nimesulide 100 mg) under fasting conditions. 

Sampling was done up to 24.0 hours such that the plasma concentration could be measured for 
adequately profiling the pharmacokinetics of the product. Study periods were separated by a 
washout period of 7 days for complete elimination of the product substance. 



Summary of Pharmacokinetic data for Nimesulide ER 200 mg Tablet (Single dose Study) 
Table 1 



Parameters 


Single Dose study 


Test (Fasting) 


Test (Fed) 


Reference (Fasting) 


AUCo-t (Hg.h/ml) . 


48.6004 


93.6634 


98.7289 


AUCo-oo (Hg.h/ml) 


51.0648 


98.7918 


102.9535 


C m ax (|!g/ml) 


5.6954 


10.7552 


12.9410 


T max (h) 


2.98 


5.12 


2.38 


tl/2 00 


4.04 


4.15 


3.97 


Ke, (h)"' 


0.1870 


0.1837 


0.1947 


AUCoVAUCo-oo 


0.9565 


0.9556 


0.9685 
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Formulation=Aulin® IR fasting (C) 
Forrnulation=Nimesulide ER fasting (A) 
FormuJation=Nimesulide ER fed (B) 



12 T 




Time (h) 

Fig. 1 : Linear Plot of Mean Plasma Nimesulide Concentrations versus Time Profiles in Healthy Human Adult Male Subjects 

Conclusion: As seen in Figure 1 food significantly increases the absorption of nimesulide from 
the extended release composition of the present invention and is bioequivalent to Aulin. Both test 
and reference formulations were found to be well tolerated in this study. 

(2) A randomized, open label, two- treatment, two-period, two-sequence, multiple-dose, 
crossover, relative bioavailability study of Nimesulide Extended Release Tablets 200 mg 
Willgo® [Multiple-dose steady-state study ]. 

A randomized, open label, two-treatment, two-period, two-sequence, multiple-dose, crossover, 
relative bioavailability study of Nimesulide Extended Release Tablet 200 mg of Panacea Biotec 
Limited, India with Aulin® (Nimesulide 100 mg) tablets (administered twice daily) of CSC 
Pharmaceuticals Austria, was conducted in healthy human adult male subjects, under fed 
condition. 

A total of 36 healthy, adult male subjects of either sex aged between 18-50 years (inclusive) 
having a body mass index (BMI) between 18 and 25 were enrolled for the study. The subjects 
were dosed as determined by the randomization schedule. 
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There was a washout period of 8 days following administration of test product and 1 X A days 
following administration of reference products between the dosings. 

Summary of Pharmacokinetic data for Nimesulide ER 200 mg Tablet (Multiple dose Study) 
Table 2 



Parameters 


Multiple Dose study under fed condition 


Test -A 


Reference - B 


C min (ng/ml) 


0.5948 


1.6482 


C avs (^g/ml) 


4.0494 


4.5142 


Cmax (|ig/ml) 


11.0428 


8.5409 


AUC 0 - T )ss (Hg.h/ml) 


97.1846 


108.3398 


%PTF 


278.64 


165.32 


Swing 


3424.78 


685.88 



0 Formulation^Aulin® Nimesulide 100 mg Tabletten 
= a = Formulation=Nimesulide Extended Release Tablets 200 mg 




0 A 1 1 1 1 1 

0 5 10 15 20 25 

Time (h) 

Fig. 2: Linear Plot of Mean Plasma Nimesulide Concentrations versus Time Profiles in Healthy Human Adult Male Subjects 

Conclusion: The estimated relative extent of absorption for a steady-state dose of nimesulide 
ER based on (AUC 0 . T ) ss is -90% that for Aulin. Both the test and reference formulations were 
found to be well tolerated this study. 

Conclusions from Pharmacokinetic Studies 

Nimesulide Extended Release Tablets 200 mg have acceptable tolerability results as it does not 
exceed the exposure and peak plasma concentration compared to the conventional release 100 
mg tablets taken twice daily for chronic pain management. 
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ANNEXTURE-2 

• Purpose: To compare the efficacy and safety of Nimesulide ER 200 mg (Willgo®) with 
Diclofenac SR 100 mg (Voveran®SR) in patients with osteoarthritis knee. 

Study design: Open label, randomized, active-comparative controlled, multicentre, non- 
inferiority trial. 

Methods: 262 patients aged > 45 years diagnosed to have osteoarthritis (OA) of the knee were 
randomized (1:1) in this multicentre study across India. Patients were allocated to receive either 
Willgo® (n = 131) or Voveran SR® (n = 131) tablet as per computer generated randomization 
once daily for a study treatment period of 30 days. Protocol assessment visits were on days 15 
and 30. Primary efficacy endpoint was evaluated using VAS (Visual Analogue Scale) of 10 cm 
for pain at baseline, day 1 (multiple time points), day 15 and day 30. WOMAC OA index 3.1 
was evaluated at enrollment and end of therapy. Nimesulide ER was to be considered non- 
inferior if the lower bound of 95% confidence interval (CI) for the treatment difference (Test - 
Reference) in mean VAS reduction for pain was less than 1 cm (clinically acceptable significant 
difference). Safety was evaluated by analyzing all reported clinical adverse events. 

The study was conducted by using the standard tool available wherein primary efficacy endpoint 
was evaluated using VAS (Visual Analogue Scale) of 10 cm for pain and WOMAC OA index 
3.1 (Western Ontario and McMaster Universities, osteoarthritis index) for pain + physical 
function was evaluated at enrollment and end of therapy. 
Efficacy Criteria: 

1) Primary endpoint 

a) Measurement of pain using a 1 0 cm VAS (Visual Analogue Scale) 

2) Secondary endpoints 

a) Measurement of pain and function using WOMAC OA index 

b) Investigator global assessment of efficacy and tolerability using a 4-point scale 

c) Patient global assessment of efficacy and tolerability using a 4-point scale 
Safety Criteria: 

• All volunteered and observed adverse events (AEs) 
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The WOMAC™ (Western Ontario and McMaster Universities) OA Index is used to assess 
subjects with OA knee or hip using 24 parameters. It can be used to monitor the course of the 
disease or to determine the effectiveness of medications. Parameters assessed as per the latest 
version of the instrument (WOMAC™ 3.1 Index) and scoring and interpreting the response to 
parameters on 10 cm VAS are given below: 



Table 3: Parameters for WOMAC M 3.1 Index 



Pain (Pain + Stiffness) 


Physical Function 


Pain: 

(Y\ Walking on flat surface 

(2) Going up or down stairs 

(3) At night while in bed 

(4) Sitting or lying 

(5) Standing upright 
Stiffness: 

(1) After first wakening in the morning 

(2) After sitting, lying or resting later 
in the day 


(1) Descending stairs (13) Getting in/out of bath 

(2) Ascending stairs (14) Sitting 

(3) Rising from sitting (15) Going on/off toilet 

(4) Standing (16) Heavy domestic duties 

(5) Bending to floor (17) Light domestic duties 

(6) Walking on flat 

(7) Getting in/out of car 

(8) Going shopping 

(9) Putting on socks/stockings 

(10) Rising from bed 

(11) Taking off socks/stockings 

(12) Lying in bed 



• Table 4 : Scoring and Interpretation of Response to parameters on 10 cm VAS 

i i i i i i i i i i i 

0123450789 10 

Total score = SUM 

Average score = (Total score) / (number of items) 

Interpretation 

Minimum average score: 0 (No pain) 

Maximum average score: 10 (Worst pain) 



For further clarity please refer to patient diary card (sample in Table 5 below) used in the clinical 
studies to capture data for patients self rated assessment of pain and function using WOMAC OA 
index 
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(pain + physical function number of variables (7+17=24), scored 0-10 cm on VAS where 0 = No 
pain and 10 = Worst pain) using WOMAC™ OA Index (Version 3.1). 

Table 5: PATIENT DIARY CARD 

Patients Self Rated Assessment on WOMAC using Visual Analogue Scale 

Self rated assessment to be completed by the patient based on their experience while performing respective activity 

1 I I \ I 1 I I 1 I \ 

O 1 S 3 -4 S e T O 9 10 

I ~, '\ „. v k 0 = Best j . 



Pain 



(l) Walking on flat surface 


I — 

o 


— I — 

-1 


— 1 — 

9 


\ 

3 


1 

-* 


— 1 — 


— 1 


1 


1 

o 




— 1 

10 


1 1 1 


(2) Going up or down stairs 


I — 

o 


— 1 — 

-1 


— 1 — 

s 


\ 

3 


1 


1 


1 


— 1 — 


— 1 — 




— \ 

10 


1 1 1 


(3) At night while in bed 


I — 

o 


— 1 — 

-1 


— 1 — 

9 


1 

3 


— 1 — 


— 1 — 

3 


— 1 — 


— i — 


— 1 — 

8 




— I 

-to 


1 1 1 


(4) Sitting or lying 


I — 

o 


— 1 — 

1 


— 1 — 

9 


\ 

3 


1 

-* 


— 1 — 


1 


1 


— 1 

o 




— I 

-I© 


1 1 1 


(5) Standing upright 


I — 

o 


— 1 — 

-1 


— 1 — 

s 


1 

3 


1 


— 1 — 

s 


1 


1 


— 1 — 

8 




— \ 




Stiffness 


(l) After first wakening in the 


I — 

o 


— 1 — 

-I 


— 1 — 

9 


1 

3 


1 


— 1 — 


— 1 — 


1 


— 1 — 




— \ 

-to 


1 1 I 


(2) After sitting, lying or resting later 

in thf* H^\/ 


I — 


— 1 — 


— 1 — 


1 


1 


— 1 — 


i 


1 


— 1 — 




— \ 


1 1 1 


o 


t 


9 


3 










a 








Physical Function 


(l) Descending stairs 


I — 

o 


— 1— 


1 

9 


1 

3 


1 


— 1 — 

s 


— 1 — 
« 


— i — 

"7" 


— i — 




— \ 

-to 


1 1 1 


(2) Ascending stairs 


I — 

o 


— 1 — 

-1 


1 

9 


1 

3 


— 1— 


— 1 — 

s 


— 1 — 


— 1 — 


— i — 

8 




— t 

-io 


1 1 1 


(3) Rising from sitting 


I — 

o 


— 1 — 


1 

9 


\ 

3 


—I 


— 1 — 

9 


— 1 — 

« 


— I — 


— 1 — 




— 1 

-to 


i i r 


(4) Standing 


I — 

o 


— 1 — 


1 

9 


\ 

3 


1 


1 

ss 


— 1 — 


1 


— 1 — 

8 




— 1 

-to 


1 1 1 


(5) Bending to floor 


I — 

o 


— 1 — 

1 


1 

9 


h- 

3 


— 1— 

-* 


— 1 — 

ss 


— 1 — 

a 


— i — 


— 1 

8 




— » 

-to 


1 1 1 


(6) Walking on flat 


! — 
o 


— 1 — 


1 

9 


1 

3 


1 

-* 


— 1 — 

s 


1 


— i — 


— 1 — 

8 


9 


— \ 

-io 


1 1 1 


(7) Getting in or out of car 


I — 

o 


— I — 


1 

9 


h- 

3 


1— 


— 1 — 

S: - 


♦ 

G 


— 1 — 


— 1 — 

8 


9 ... 


— 1 

-to 


1 1 1 


(8) Going shopping 


I — 

© 


— 1— 


1 

9 


1— 

3 


1 

-* 


— 1 — 

9 


1 

G 


1 — 


— y — 

8 


9 


— \ 

-to 


1 1 1 


(9) Putting on socks / stockings 


I — 

o 


— 1 — 


1 

9 


\ 

3 


1 

<* 


1 

s 


1 

G 


1 


1 

8 


9 


— \ 

-to 


1 1 1 


(10) Rising from bed 


I — 


— 1— 


1 


1— 


1— 


— 1 — 


1— 


— i— 


— 1 — 




— \ 


1 1 1 


o 


-1 


9 


3 


-4 


9 


O 


T 


8 


9 


"IO 
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(11) Taking off socks / stockings 


1 1 1 1 1 1 1 1 1 1 \ 


L_]_J 


(12) Lying in bed 


1 1 1 1 1 1 1 1 t-r- [ 


L_LJ. 


(13) Getting in/out of bath 


1 1 1 1 1 1 1 1 1 1 1 

O "1 S3<*S«?»a9 -to 


L_LJ 


(14) Sitting 


1 1 1 1 1 1 1 1 1 1 1 


LJ_I 


(15) Going on/off toilet 


I 1 1 1 1 1 1 1 1 1 1 


L_J_J 


(16) Heavy domestic duties 


1 1 1 h- 1 1 1 1 1 1 1 

© 1 S3-4.S«709 10 




(17) Light domestic duties 


I 1 1 1 1 1 1 1 1 1 1 

© 1 23-«S«3709 lO 




-> Patient's self rated global assessment of disease using 10 cm VAS including non-signal joints 





Results: 

Efficacy 

Non-Inferiority Primary Efficacy Analysis 

Lower 95% CI of difference between treatment groups in mean change from baseline should be 
within 1 using a patient self-rated 10 cm VAS scale for pain. 

The treatment difference, that is, Test - Reference (Willgo® - Voveran® SR) in mean VAS 
reduction, along with the associated 95% CI (defined by the lower limit (LL) and the upper limit 
(UL)), is shown in Table 6, using mITT study population. 



Table 6: Difference in mean VAS reduction, with 95% CI 









Difference in mean VAS 








reduction (Nimesulide ER - 








Diclofenac SR) 


95 % CI 


Product 


Nimesulide ER 


Diclofenac SR 


NIM - DIC LL UL 




N 


N 




Mean VAS reduction 


119 5.46 


119 4.87 


0.59 -0.091 1.284 
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The interpretation of above table 6 is that - In mITT analysis mean VAS reduction was 5.46 for 

Nimesulide ER (Willgo®) and 4.87 for Diclofenac SR (Voveran® SR). The treatment difference 
(Nimesulide ER - Diclofenac SR) in mean VAS reduction was 0.59, with a lower bound 95% CI 
of -0.091, which was within the pre-specified non-inferiority margin of 1 cm. 

Additional Efficacy Analysis : In both treatment arms statistically significant decrease in pain was 
observed from baseline to 30 min after treatment, with additional decrease occurring at 
subsequent hours on Day 1 and during observations made on Day 15 and Day 30. On Day 1, 
maximum pain relief was achieved after 12 h in both arms (45% and 41% reduction from 
baseline for Willgo and Voveran SR, respectively). The VAS scores obtained in the Willgo 
treatment group were lower than that in the Voveran SR treatment group at every assessment. 
Statistically significant lower scores were observed at 8 h (Day 1) and Day 30 for Willgo group 
, as compared to the Voveran SR group (p<0.05). 



Table 7: VAS Score 



Time Points 




VAS Score 




Nimesulide ER 


Diclofenac SR 


Baseline 


7.95 ± 1.36 


7.89 ± 1.46 


0.5 hr 


7.22 ± 1.69 


7.19 ± 1.68 


1 hr 


6.25 ± 1.77 


6.36 ±1.84 


1.5hr 


5.50+ 1.92 


5.71 ± 1.90 


2hr 


4.87 ± 1.81 


5.27 ± 1.88 


4hr 


4.61 ± 1.56 


4.90 ± 1.65 


8hr 


4.34 ± 1.37* 


4.74 ±1.55 


12hr 


4.23 ± 1.56 


4.57 ± 1.55 


18hr 


4.57 ± 1.43 


4.89 ± 1.38 


24 hr 


4.97 ± 1.64 


5.36 ± 1.51 


Day 15 


3.36 ± 1.77 


3.78 ± 1.68 


Day 30 


2.35 ± 1.91* 


2.93 ± 2.02 


*p<0.05 
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Figure 3: VAS Score 

Baseline VAS 

9 "I Nimesulide- /.9b 




OOO 



Conclusion: Nimesulide Extended Release Tablets 200 mg OD is non-inferior to Voveran SR 
(Diclofenac sodium) 100 mg OD in mean VAS Reduction for pain at 1 month in osteoarthritis 
knee. The novel ER product is expected to be more patient compliant alternative to the existing 
IR product. 



Table 8: WOMAC index 



WOMAC score 


Time points 


Nimesulide ER 


Diclofenac SR 




N=112 


N=110 


Baseline 


66.57 


65.58 


End of therapy (Day 30) 


29.22 


32.58 
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Figure 4: WOMAC Index 



■ Baseline QEnd 




Nim^siilidft Diclofenac 



Conclusion: No statistically significant difference was observed in the WOMAC scores obtained 
in the two groups at baseline, as seen in Table 8 and Figure 4 (66.57 for Willgo and 65.58 for 
Voveran SR). Both groups exhibited a statistically significant decrease in WOMAC scores at the 
end of the therapy. The Willgo group had a favorable reduction over baseline (56.1%) as did 
Voveran SR (50.3%). 

Global assessment of efficacy and Global tolerability by the Patient and Physician was 
evaluated on a 4-point scale 

Global Efficacy: At day 30, both investigator and patient expressed their global assessment of 
efficacy of the treatment (Improvement as very good >75%, good >50% to 75%, Fair 25% to 
50%, poor < 25%). According to investigator, positive (very good or good) outcomes were 
observed in 82.88% of the patients treated with Willgo compared with 70% of those treated with 
Voveran SR. Similar outcome were expressed by patients: 78.38% of the Willgo treated patients 
and 58.18% of the Voveran SR treated patients recorded a positive outcome as seen in Table 9 
below. 
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Table 9: 



Global efficacy by the patients (Nimesullde) 




Global efficacy by the Physician (Nimesulide) 

Very Good 
36.9% 




Global efficacy by the patients (Diclofenac) 




Global efficacy by the Physician (Diclofena< 




30.0% 
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GLobal Tolerability: In tolerability assessment, investigator reported positive outcome (very 
good or good) in 80.18% patients in the Willgo group compared to 80.91% patients in the 
Voveran SR group. Positive outcome was reported by 72.08% patients in the Willgo group 
compared to 67.27% patients in the Voveran SR group as seen in Table 10 below. 



Table 10: 



Global tolerance by the Patients (Nimesulide) 



Very Good 
25.2% 



Good 
46.8% 




Global tolerance by the Physician (Nimesulide) 



Very Good 
31.5% 



Good 
48.6% 




Fair 
19.8% 



Global tolerance by the Patients (Diclofenac) 



Global tolerance by the Physician (Diclofenac) 



Good 
49.1% 




Very Good 
18.2% 



Good 
60.0% 



Fair 
30.9% 




Very Good 
20.9% 
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Conclusion: Both the study treatment produced significant improvement in global assessment of 
, efficacy and tolerability as assessed by the investigators and the patients. 

Pharmacovigilance study on Nimesulide ER 200 mg (Willgo®) 

The pharmacovigilance programme for Willgo® (Nimesulide Extended Release Tablets 200 mg) 
was conducted using the methodology similar to prescription-event monitoring (PEM). 

Objectives: The objectives of this pharmacovigilance program were: 

1 . To capture adverse drug reactions (ADRs) suspected to be caused by Willgo®. 

2. To gather data regarding prescription of Willgo®, by prescribers to form denominator for 
safety data collected. 

3. To archive the safety information to develop a comprehensive safety database for 
Willgo®. 

4. To compare the incidence rate of Willgo® with Nimesulide. 

Methodology: This program had a methodology similar to prescription event monitoring. Data 
for this program were gathered from 1826 prescribers (physicians, orthopedists, surgeons, 
dentists, etc.) who participated in the Willgo® Pharmacovigilance program from 161 cities all 
, over India. The participation of prescribers was voluntary with no incentives attached. 

Each of the participating prescribers were supplied with a pharmacovigilance booklet containing 
a prescription log. sheet, suspected ADR reporting forms, a project flow-chart, a Willgo® package 
insert and information about pharmacovigilance program. Self-addressed Business Reply 
Envelopes were provided to the prescribers, and a monthly reminder email was send to all 
prescribers participating in this pharmacovigilance program. 

The prescribers sent back the data in the form of prescription log sheets and suspected ADR 
forms. A provision was kept for adding any ADR report spontaneously generated (by a 
prescriber not participating in this pharmacovigilance program) and sent directly to the sponsor. 
The prescription log sheets and ADR forms as received were entered in the database. 

Prescription event monitoring program to capture adverse drug reactions suspected to be caused 
by Nimesulide ER (Willgo®) involving a total of 1 12,730 patients who were prescribed Willgo. 
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. The total exposure was 1,321,449 patient days and the mean exposure was 1 1.72 ± 8.47 days. 
While analyzing the data, it was assumed that all the patients being prescribed Willgo® would be 
exposed to it for the said period; and those patients who did not report to the prescriber did not 
have any adverse reaction. For calculating the number of patients, patients with multiple 
prescriptions refill, etc. were counted as one, and duplicated entries were excluded. Any adverse 
reaction report related to the use of Willgo®, also, is included in the numerator, whether or not 
the reporter was a prescriber participating in this Pharmacovigilance program. The denominator 
for the drug usage was obtained by using number of prescriptions (-exposure days). 

Results: 

A comparison for the rate of occurrence of suspected ADRs expressed in standard category of 
frequency, i.e. very common (>1/10); common (frequent) (>1/100, <1/10); uncommon 
(>1/1,000, <1/100); rare (>1/10,000 5 <1/1,000) and very rare (<1/10,000) according to summary 
of product characteristics (SPC) is shown in Table 11. In the EMEA SPC of "Nimesulide" 100 
mg tablet 23 , the listing of undesirable effects is based on data from controlled clinical trials 
(approximately 7,800 patients) and from post marketing surveillance. 



Table 11: Comparison of the frequency of suspected ADRs 


Body system/ADR term 


Present Study 


EMEA SPC of 






"Nimesulide" 


Blood disorders 






Anaemia 


Not reported 


Rare 


Eosinophilia 


Not reported 


Rare 


Thrombocytopenia 


Not reported 


Very rare 


Pancytopenia 


Not reported 


Very rare 


Purpura 


Not reported 


Very rare 


Immune system disorders 






Hypersensitivity 


Not reported 


Rare 


Anaphylaxis 


Not reported 


Very rare 


Metabolism and nutrition disorders 






Hyperkalemia 


Not reported 


Rare 


Psychiatric disorders 






Anxiety 


Not reported 


Rare 


Nervousness 


Not reported 


Rare 


Nightmare 


Not reported 


Rare 


Nervous system disorders 
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Dizziness 
Headache 
Somnolence 

Encephalopathy (Reye's syndrome) 


Very rare 
Not reported 
Very rare 
Not reported 


Uncommon 
Very rare 
Very rare 
Very rare 




Eye disorders 
Vision blurred 
Visual disturbance 


Not reported 
Not reported 


Rare 

Very rare 




Ear and labyrinth disorders 
Vertigo 


Very rare 


Very rare 




Cardiac disorders 
Tachycardia 


Not reported 


Rare 




Vascular disorders 

Hypertension 

Haemorrhage 

Blood pressure fluctuation 

Hot flushes 


Not reported 
Very Rare 
Not reported 
Not reported 


Uncommon 
Rare 
Rare 
Rare 




Respiratory disorders 
Dyspnoea 
Asthma 
Bronchospasm 


Not reported 
Not reported 
Not reported 


Uncommon 
Very rare 
Very rare 




Gastrointestinal disorders 

Diarrhoea 

Nausea 

Vomiting 

Constipation 

Flatulence 

Gastritis 

Abdominal pain 

Dyspepsia 

Stomatitis 

Melaena 

Gastrointestinal bleeding 
Duodenal ulcer and perforation 
Gastric ulcer and perforation 


Very rare 
Very rare 
Very rare 
Not reported 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Not reported 
Very rare 
Not reported 
Not reported 


Common 
Common 
Common 
Uncommon 
Uncommon 
Uncommon 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 




Hepato-biliary disorders 
Hepatitis 

Fulminant hepatitis (including fatal 

cases) 

Jaundice 

Cholestasis 


Not reported 
Not reported 

Not reported 
Not reported 


Very rare 
Very rare 

Very rare 
Very rare 




Skin and subcutaneous tissue disorders 

Pruritis 

Rash 

Increased sweating 
Erythema 
Dermatitis 
Urticaria 


Very rare 
Very rare 
Not reported 
Not reported 
Not reported 


Uncommon 

Uncommon 

Uncommon 

Rare 

Rare 
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Angioneurotic oedema 
Face oedema 
Erythema multiforme 
Stevens Johnson syndrome 
Toxic epidermal necrolysis 



Very rare 
Not reported 
Very rare 
Not reported 
Not reported 
Not reported 



Very rare 
Very rare 
Very rare 
Very rare 
Very rare 
Very rare 



Renal and urinary disorders 

Dysuria 

Haematuria 

Urinary retention 

Renal failure 

Oliguria 



Not reported 
Not reported 
Not reported 
Not reported 
Not reported 



Rare 
Rare 
Rare 

Very rare 
Very rare 



General disorder 




v ery rare 


Oedema 


Rare 


Uncommon 


Malaise 


Not reported 


Rare 


Asthenia 


Not reported 


Rare 


Hypothermia 


Not reported 


Very rare 


Investigations 






Hepatic Enzymes increased 


Not reported 


Common 



Conclusion: The results of the current study, coupled with the results of previous studies, 
demonstrate that Nimesulide Extended Release Tablet 200 mg is well tolerated and safe for 
treatment of osteoarthritis, rheumatoid arthritis and other painful inflammatory conditions. 

No major adverse cardiovascular event has been reported in any of the above clinical trials 
and prescription event monitoring program. 
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Osteoarthritis (OA) is a progressive bone and joint disorder that can lead to severe joint pain and 
decreased patient mobility. It is estimated that within the US and the EU the prevalence of 
osteoarthritis is approximately 62 million people. About half of these patients (31 million) 
experiences pain related to OA (Symptomatic OA). The prevalence of people with symptomatic 
OA is estimated at 17.9 million (6.1% of the total population) in the US and 13.1 million (4.3%) 
for the top five largest European markets. 6 

Fig 5: 



Prevalence of Osteoarthritis, 2005 
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Source: The Pain Mattel Outlook to 201 1. Business Insights. 2006. 



The prevalence of OA rises with age. In fact - in the US, the over-65 population accounts for 
more than half of all OA cases. The prevalence of OA rises from 8.4% in patients aged 35-44 to 
41.4% for patients above the age of 65. 7 The anticipated growth in the elderly population is 
anticipated to result in an increased prevalence of OA in the major global markets. The US is 
expected to have an additional 9 million more people aged 65 and older in 2020 than in 2006. 

Osteoarthritis Treatment Paradigm 

First-line treatment options for OA (acetaminophen and lifestyle recommendations) are 
successful to a limited extent. Patients typically shift to either traditional NSAIDs or selective 
COX-2 inhibitors as second-line therapy. Some patients may progress further and require 
treatment for flare-ups (corticosteroids, hyaluronic acid) or invasive surgery. 
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f Non-steroidal anti-inflammatory drugs (NSAIDs) have been widely available for decades. Due to 
their well-established efficacy and dosing profile, they remain commonly used agents for mild- 
to-moderate OA. However, they may cause serious GI side effects with long-term use. Long- 
term use of any of the traditional NSAIDs, may damage the mucous layer of the stomach, 
resulting in general stomach discomfort or, more seriously bleeding and ulcer formation. 
Selective COX-2 inhibitors are a subset of NSAIDs that specifically inhibit the COX-2 enzyme. 
The intent of this specificity is to reduce GI side effects commonly associated with the traditional 
NSAIDs. However, the COX-2 class has been associated with a higher incidence of 
cardiovascular side effects. 

Treatment Choices 

Physicians make their treatment choice based on four primary factors since comparative studies 
have found no clear efficacy differences: 

■ Dosing and Frequency t _ 

■ Gastrointestinal Risks 

■ Cardiovascular Risks 

■ Renal Risks 

Physicians must balance the different risks based on individual patient circumstances - but none 
of the current therapies provide the combination of simplified dosing with minimal GI, 
cardiovascular and renal risks. 8 

Nimesulide Extended Release tablet is positioned to meet the identified unmet needs with current 
therapeutics for the treatment of OA. Panacea Biotec's brand Willgo®, based on the present 
invention (bilayered, controlled release Nimesulide tablets), sold in India, has been proven to be 
a highly effective product for the management of chronic OA pain and inflammation offering the 
advantage of once a day dosing with favorable GI tolerabilitv and good safety in Cardio Vascular 
and Renal parameters . A major challenge that was overcome by the present invention was the 
development of an extended release 
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^ formulation despite the region specific absorption of Nimesulide from the upper parts of GIT. 
The product was introduced in India as a new drug delivery product supported by promising 
clinical trial results. The product (marketed under the brand name Willgo^ was able to address a 
significant unmet medical need which resulted in consistently growing sales. As an example the 
IMS-ORG audited data for the last three years is presented below: 

Table 12: Sales of Willgo® Tablet (Extended Release Nimesulide) and Nimulid® Tablet 
(Immediate Release Nimesulide) in India 











Apr-Dec 06 


MAT DEC 07 


MAT DEC 08 








ABS&Units 


ABS Units 


ABS Units 


WILLGO TABS 


23,555,210 


34,804,568 


42,599,763 


594,829 


863,637 


995,150 


NIMULID TABS 

ADC ~ A 1_. 


94,715,001 


106,154,891 


102,530,488 


4,079,327 


4,313,504 


4,168,075 



ABS Value means Absolute Amount in Rupees " 
ABS Units means Absolute Number of Strips of Each Brand (Each Strip contains 10 Tablets) 
MAT Means Moving Annual Total 
TABS means Tablets 



The Table 1 indicates the sales growth of Willgo® Tablet (Extended Release Tablet) and 
Nimulid® Tablet (Immediate Release Tablet) in absolute value and units for the period i.e. Apr 
2006 to Dec 2006, Jan 2007 to Dec 2007 and Jan 2008 to Dec 2008. 

Conclusion: It has been concluded from the above table that the sales growth of Willgo® 
(Extended Release Nimesulide) is increasing year by year. Percentage growth Sales of Willgo® 
has increased by 80.8% in last two years from Dec 2006 to Dee 2008. While percentage sales 
growth of Nimulid® Tablet (Immediate Release Nimesulide) has increased only by 8.25 in last 
two years from Dec 2006 to Dec 2008 and decreased by 3.4 in last one year from Dec 2007 to 
Dec 2008. 
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On the safety of nimesulide, a preferential COX-2 inhibitor 



S. K. Kulkarni 



Nimesulide, a "^r^f^ritiarCOX^nnhibi~ 
tor is a non-carboxylic acid nonsteroidal 
anti-inflammatory drug (NSAID) that has 
been effectively used for the treatment of 
a variety of inflammatory and painful 
conditions, including osteoarthritis in 
European and Asian countries for more 
than 15 years. Its market share is 
reported to be fifth amongst the NSAIDs 
in the worldwide market 1 . It was intro- 
duced in the Indian market in the early 
1990s. Unlike other classical NSAIDs, it 
has high gastrotolerability due to its rela- 
tively high pK a value (6.5) and preferen- 
tial COX-2 selectivity (COX-2/COX- 
1 =0.19). This is perhaps one of the rea- 
sons (high efficacy and low gastric intol- 
erance) that the drug is marketed in more 
than 50 countries, including India. There 
are more than 70 brands available in the 
Indian market. The drug is also available 
in a fixed dose combination with serratio- 
peptidase, a proteolytic enzyme and other 
classes of agents, but its combination with 
paracetamol needs critical evaluation as 
regards its rationality. 

Chemical structure of nimesulide: 

phenyl) methanesulfonamide; empirical 
formula: C^M^OsS; molecular weight: 
-308r3+; e-AS=number: 5+803^2t— — — 



H. .SO2CH3 




NO2 



Pharmacological basis of use of 
nimesulide 

Nimesulide is chemically different from 
other drugs in this class because of the 
sulfonamide moiety. Like all NSAIDs, 
nimesulide acts by inhibiting the synthesis 
of prostaglandins as a consequence of 
blockade of the enzyme cyclooxygenase 
(COX). Two isoforms of the COX isoen- 
zyme are known, COX-1 and COX-2. 
COX-1 is constitutively expressed in most 
cells and elaborates prostanoids involved 
in various physiological processes, i.e. 

1442 



maintaining gastromucosal integrity and 
renal function (housekeeping functions). 
COX-2 is Induced by proinflammatory 
cytokines and mitogens at sites of in- 
flammation/tissue injury. Nimesulide has 
potent analgesic, anti-inflammatory and 
antipyretic activities on oral and rectal 
administration 2 . By respecting the activity 
of COX-1, nimesulide possesses a much 
lower risk for gastroduodenal lesions in 
comparison to classical NSAIDs. Nimesu- 
lide is reported to be a preferential COX-2 
inhibitor in human blood assays (5-20- 
fold greater potency against COX-2 than 
COX-1). Besides COX-2 activity, nimesu- 
lide inhibits the production of oxygen free 
radicals, long-lived monochloramines, 
hypochlorus acid formed from activated 
neutrophils and other inflammatory cells. 
It is also reported to inhibit the release of 
histamine from the mast cells and baso- 
phils, and ..the production of PAF by 
neutrophils. Nimesulide has phosphodi- 
esterase IV inhibiting property as well, 
and has antiprotease effect against neutro- 
phil elastase, cartilage collagenase and 
stromelysin. The potent anti- inflammatory 
_ .and analgesic . activities .. of_ the_ drug are 
seen in a number of experimental modeis 
of inflammation, i.e. carrageenan- induced 
^paw=oedemar^adjuvarit^ 
Randaii SelHto test, UV-induced skin 
erythema and phenylquinone-induced 
writhing tests in mice 3 . In acute and 
chronic inflammatory conditions in 
patients, nimesulide is found to be more 
effective- than placebo- : ^ z had compara- - 
ble anti-inflammatory activity with estab- 
lished NSAIDs. Epidemiological data 
suggested that long-term therapeutic use 
of nimesulide at ahti- inflammatory doses 
(100 mg, twite daily) did not cause seri- 
ous gastrointestinal symptoms. Nimesu- 
lide is also safe in aspirin-sensitive 
asthmatic patients. It is reported to be 
beneficial in relieving the symptoms of 
rhinitis, rhinopharyngitis, tubaritis and 
seceretory otitis media with concomitant 
antibiotic treatment. 



Therapeutic indications 

Because of its peculiar multi-factorial 
mode of action, nimesulide perhaps has 



demonstrably superior activities in painful 
and inflammatory conditions. It is mainly 
indicated for joint inflammation, os- 
teoarthritic pain, fever, musculoskeletal 
conditions, acute pain including that from 
perioperative conditions, and dysmenor- 
rhea. The daily-recommended dosage is 
100 mg b.i.d. for these clinical situations. 

Safety 

Pharmacoepidemiological studies suggest 
that nimesulide is an effective NSAID 
with relatively favourable profile of safety 
for the treatment of osteoarthritis and non- 
rheumatoid musculoskeletal conditions 4 . 
Clinically observed adverse events with 
nimesulide have been typical of those 
found with other NSAIDs 5 . Further, a 
post-marketing surveillance of. nimesulide 
suspension (50 mg/ml), conducted through 
600 pediatricians all over India, also indi- 
cates the absence of nimesulide-related 
hepatotoxicity in children 6 . The incidence 
of rare and unpredictable liver reactions 
with nimesulide is about 0.1 per 100,000 
treated patients, which is not higher than 
-most^of^the--GtheT^ 
clofenac 8,9 . 

Further, the individual or inherent risk 
"factors of ; the patient can pfedispose hjiri/^ 
her to increased risk for development of 
nimesulide-associated unpredictable or 
idiosyncratic hepatic reactions. These 
include specific, gene , abnormalities,, alter 
ration in specific gene expression or epi- 
:genetic:faaprsr^ 

with unique pharmacodynamic actions 
and beneficial gastrotolerability and bron- 
chotoierability in comparison with other 
NSAIDs may outweigh the relative risk of 
nimesulide-associated Ijyer reaction 
(common to the class NSAIDs) in the 
long-term use of the drug. 

Present debate in India on 
nimesulide use 

As stated earlier, nimesulide was intro- 
duced in the Indian market in the early 
1990s for the management of pain, fever 
and inflammatory conditions. Recently, 
nimesulide has been under controversy 
due to alleged hepatotoxicity. Moreover, 
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the favourable efficacy and safety of ni- 
mesulide in different clinical situations in 
pediatric as well as adult population have 
been demonstrated by its virtual presence 
on the prescription in more than 50 coun- 
tries, both developed and developing, in 
the last 17 years. Recently, controversial 
and ambiguous reports highlighted by the 
media on the grounds of isolated reported 
cases of hepatotoxicity without any 
known, conclusive and predictable drug- 
induced evidences have raised concern on 
the prescription use of nimesulide. The 
report of unexpected liver reaction to ni- 
mesulide may be viewed as a class phe- 
nomenon that occurs with all NSAIDs, 
including diclofenac, sulindac, etc. 10 
Many a times such adverse propaganda is 
market-force initiated. The present case is 
no different, if one analyses the global 
extent of its relative use and market share 
of the product. 

In India, the sales of nimesulide oral 
solids have reached 1200 lac units of 10's 
with a consistent growth of 18% 
in the last three years, with Nise® and 
Nimulid®, being the two top-most leading 
brands. In an international survey (Brand 
Poll report) carried out on 300 doctors in 
Europe to assess the most recognized 
brands of anti- inflammatory drugs (prod- 
uct awareness), Nimesulide (Aulin®) not 
only ranked third in brand awareness, but 
it was also perceived as the most effective 
and ..one , of the most safest drugs (per- 
ceived quality) in the NSAID market. 
The safety profile of the drug is cur- 
^rehtl^ndetTeview^ 
Proprietary Medicinal Products after tem- 
porary suspension in Finland, Spain and 
Turkey due to suspected serious drug 
adverse. .reaction. Helsinn, the. first pharma 
company which had marketed the drug, is 
confident- -that nimesulide has- a- positive 
risk benefit profile, and will support such 
a concept with a group of top international 
experts in the ongoing discussion with 
European Agency for the Evaluation of 
Medicinal Products. Following the Irish 
Medical Board's 1999 review, the com- 
pany was requested to perform post- 
marketing authorization studies to address 
the safety issues. A pilot study in 500 
Irish patients suggested that the safety 
profile of nimesulide was similar to that of 
other NSAIDs. An observational study in 
9000 Irish patients, comparing the safety 
profile of nimesulide with diclofenac and 
ibuprofen, the other two older NSAIDs, is 
currently under way. Interim data pro- 
vided by the company on 1212 patients 



indicated that at this stage, there was no 
apparent difference in the safety profile of 
the three treatments. 

Considering all the views of the alleged 
hepatotoxicity, the Drug Controller Gen- 
eral of India (DCGI) has constituted a 
su bcomm ittee of Drug Technical Advi- 
sory Board, a statutory body under the 
Drugs and Cosmetics Act 1940, Govt of 
India to review the clinical status of nime- 
sulide. The sub-committee which met on 9 
October 2002 has opined to obtain the 
views/experiences from a few leading 
manufacturing companies of nimesulide 
formulation in India, as to whether they 
have received any severe adverse drug 
reaction reports from their field force or 
from medical practitioners. Meanwhile, 
post-marketing surveillance data are also 
being collected. Two years ago, a debate 
on the irrational combination of paraceta- 
mol with nimesulide had also led to the 
ban of this combination by the DCGI n . 

Drug control issues which lead to 
marketing of irrational 
combinations 

The Indian laws have not been properly 
defined to grant marketing approvals of 
the fixed dose combinations (FDCs) by 
state or central drug controlling authori- 
ties. Therefore, the state drug controlling 
authorities have continuou sl y been app - 
roving various'FDCs lacking any pharma- 
codynamic or pharmacokinetic advantages 
--and^-acc^pmble^rationale^for-^xampler^ 
himesulide^aracetaifiol combination, 
without prid? permission from the DCGI. 
Such type of approval without any pre- 
clinical and clinical studies leads to mar- 
keting of prescription-based irrational 
combinations..... _ . 

FDC products are those which have two 
or more drugs present in a fixed ratio, 
where one of the drugs either potentiates 
or synergizes the effect of the other, or the 
symptomatic relief provided by the two of 
them difFeTs"iri nature in the same disor- 
der. 

As per Rule 122B, D, E(C) (Appendix 
VI of Schedule Y) of the Drugs and Cos- 
metics Act of India, FDCs fall into four 
categories: 



ved/marketed individually are combined 
for the first time, for a particular claim 
and where the ingredients are likely to 
have significant interaction of a pharma- 
codynamic or pharmacokinetic nature. 
(c)The third group includes those which 
are already marketed , but in , which it. is 



proposed either to change the ratio of the 
active ingredients or to make a new thera- 
peutic claim. 

(d) The fourth group includes those whose 
active ingredients have been widely used 
in particular indication for years, their 
concomitant use is often necessary and no 
claim is proposed to be made other than 
convenience, and a stable acceptable dos- 
age form, and the ingredients are unlikely 
to have significant interaction of a phar- 
macodynamic or pharmacokinetic nature. 

The groups (a)-(c) require adequate clini- 
cal data and the group (d) requires accept- 
able rationale that has to be submitted 
along with the application to get the mar- 
keting approval of FDC by DCGI, and not 
by individual state authorities. It may be 
of interest to mention that the model list 
of essential drugs prepared by WHO has 
only eight essential FDCs (WHO Techni- 
cal Report 825, 1992), which would meet 
the medical needs of majority of the popu- 
lation. 
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(a) The first group includes those in which 
one or more of the active ingredients is a 
new drug. - 

(b) The second group includes those in 
which active ingredients already ap pro- 
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Comparison of the cyclooxygenase- 1 inhibitory 
properties of nonsteroidal anti-inflammatory 
drugs (NSAIDs) and selective COX-2 inhibitors, 
using sensitive microsomal and platelet assays 

Denis Riendeau, Stella Charleson, Wanda Cromlish, Joseph A. Mancini, 
Elizabeth Wong, and Jocelyne Guay c 
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Abstract: Two forms of cyclooxygenase (COX) activity are involved in the synthesis of prostaglandins, prostacyclins, and , " 

thromboxanes in mammalian cells. There is now convincing evidence, obtained with a number of structurally distinct j 1 

inhibitors, that selective COX-2 inhibitors possess anti- inflammatory effects with an improved gastrointestinal tolerability ' } 

compared with conventional nonsteroidal anti-inflammatory drugs (NSAIDs) affecting both COX-1 and COX-2. As more & 

selective COX-2 inhibitors are being developed, assays with a high degree of sensitivity to inhibition are needed to compare • 0 

the relative effects of compounds on COX-1 activity. In the present report, we describe a sensitive assay for the inhibition of | (' 

human COX-1 based on the production of prostaglandin E 2 by microsomes from U937 cells incubated with a subsaturating ' 
concentration of arachidonic acid. More than 45 NSAIDs and selective COX-2 inhibitors were tested in this assay. IC 50 values 

ranged from 1 nM for flunixin and flurbiprofen to about 200-500 |iM for salicylate and acetaminophen. Potent and v 

nonselective NSAIDs such as sulindac sulfide, diclofenac, and indomethacin showed IC 50 values of <20 nM. Among the h 

compounds that have been reported to show selectivity for COX-2, the rank order of potency against COX- 1 was DuP 697 > I a 

SC-5845 1 > celecoxib > nimesuiide ~ raeloxicam - piroxicam ~ NS-398 - RS-57067 > SC-57666 > SC-58 125 > flosulide > C 

etodolac > L- 745,337 > DFU - T-614, with IC 50 values ranging from 7 nM to 17 u\M. A good correlation was obtained $ 

between the IC 50 values for the inhibition of microsomal COX-1 and both the inhibition of TXB 2 production by Ca 2+ j s: 

ionophore challenged platelets and the inhibition of prostaglandin E 2 production by CHO cells stably expressing human b 

COX-1 . However, the microsomal assay was more sensitive to inhibition than cell-based assays and allowed the detection of j o 

inhibitory effects on COX-1 for all NSAIDs and selective COX-2 inhibitors examined with discrimination of their potency j e 

under conditions of limited availability of arachidonic acid. : o 



o 
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R6sum£ : Deux formes d'activite de la cyclo-oxygenase (COX) participent a la syrithese des pfostaglandines, des ; ^ 

-prostacyclmes-eT3estfo^ obtenus au mbyen~aFo*i Ven[ 71___^_j__fc]] 

inhibiteurs de structures distinctes, indiquent que les inhibiteurs selectifs de la COX-2 possedent des effets y 

anti-inflammatoires offrant une plus grande tolerance gastro-intestinale que les anti-inflarnrnatoires non ste>oi*diens j T 

conventionnels (AINS) affectant tant COX- 1 que COX-2. Avec la mise au point d'inhibiteurs plus selectifs de la COX-2, on v 
doit envisager Temploi d'essais plus sensibles a rinhibition pour comparer les effets relatifs des composes sur l'activite de la 

COX-1 . Dans la pr&ente etude, nous decrivons un essai sensible pour 6valuer rinhibition de la COX-1 humaine; cet essai est a 

base sur la production de pfostaglandihe Ej par les microsomes de cellules 11937 incubes avec une concentration-* ai 

sous-saturante d'acide arachidonique. Plus de 45 AINS et inhibiteurs selectifs de la COX-2 ont 6te testes dans cet essai. Les j p 

valeurs de IC 50 etaient comprises entre 1 nM pour le flunixin et le flurbiprofene et 200-500 [iM pour le salicylate et j r 

Facetaminophene. Des AINS non selectifs et plus puissants, comme le sulindac, le diclofenac et Tindometacme, out montre |j 

des valeurs de IC 50 < 20 nM. Parmi les composes ayant montre une selectivity pour COX-2, l'ordre de puissance contre j \ 

COX- 1 a e*te le suivant : DuP 697 > S.C-5.845 1 > celecoxib > njmesuljde ~ mdloxicam - piroxicam - NS-398 - RS-57Qff > tj 
SC-57666 > SC-58125 > flosulide > etodolac > L-745,337 > DFU -T-614, avec des valeurs de IC50 comprises eritre 7 nM et 

J 7 |iM. _Une bonne correl ation a ete obtenue entre le s v aleurs de ICsq pour ri nhibition de la COX-1 micrpsoma le et ^ 

rinhibition de la production de thromboxane B 2 par- les plaquettes stimuie*es a V ionophore du.Ca 2 *, et.cellesipour I'inhibTtion ^ 

de la production de prostaglandin E 2 par les cellules CHO expriraant de maniere stable la COX-1 humaine. Toutefois, Tessai _ ^ 



Received April 18, 1997. ! C| 

D. Riendeau, 1 S. Charleson, W. Cromlish, J.A. Mancini, E. Wong, and J. Guay. Merck Frosst Centre for Therapeutic Research, | « 

1671 1 TransCanada Highway, KJrkland, QC H9H 3L1, Canada. j « 



1 Author for correspondence at Merck Frosst Centre for Therapeutic Research, P.O. Box 1005, Pointe-Claire-Dorval, QC H9R 4P8, 
Canada. 



n. 



Can. J. Physiol. Pharmacol. 75: 1088-1095 (1997) © 1997 NRC Can** 3 

iiiiiiiiiiniHiiiiiiiiiiiiiiiiiiiiiiiiiimilllllllH 



piendeau et ai. 



Best Available Copy 



1089 



microsomal est plus sensible a V inhibition que les essais cellulaires, et il permet de detecter les effets inhibiteurs sur la COX-1 
de tous les AINS et inhibiteurs selectifs de la COX-2 examines, et d'evaluer leur puissance dans des conditions de 
disponibilite limine d'acide arachidonique. 

Mots cles : cyclo-oxygenase, prostaglandine synthase, anti-inflammatoires non steroidiens, inhibiteurs de COX-2, plaquettes, 
toxicite gastro-intestinale. 
[Traduit par la Redaction] 



! introduction 

Cvclooxygenase (COX) catalyses the oxygenation of arachi- 
donic acid to prostaglandin (PG) H 2 as the first step in the 
5yntbesis of prostaglandins, prostacyclins, and thromboxanes 
j n mammalian cells. COX-1 is the major enzyme form found 
in healthy tissues and plays a role in thrombogenesis and in the 
homeostasis of the gastrointestinal tract and kidneys. COX-2 
is inducible by endotoxin, cytokines, and mitogens and has 
been associated with the elevated production of prostaglandins 
observed during inflammation, pain, and pyretic responses 
(Bakhle and Botting 1 996; Herschman 1 996; Vane and Botting 
1995). 

Most of the classical nonsteroidal anti-inflammatory drugs 
(NSAlDs) such as indomethacin, ibuprofen, or diclofenac in- 
hibit both COX-1 and COX-2 with little or no selectivity for 
8 particular cyciooxygenase isoform (Battistini et al. 19J?4; 
O'Neill et al. 1994). It is now well recognized that the admini- 
stration of NSAIDs to animals results in gastrointestinal le- 
sions and that the occurrence of gastrointestinal ulceration and 
bleeding is a major side effect associated with the chronic use 
of NSAIDs (Allison et al. 1992; Langman et al. 1994; Traversa 
et al. 1995). These effects have been attributed to the inhibition 
of the synthesis of prostaglandins derived from COX- 1 , result- 
ing in alterations of the regulation of mucosal blood flow, mu- 
cous and bicarbonate secretion, and tumor necrosis factor- 
alpha (TO factors, -such as-to pical kri- 

tancy and enterohepatic recirculation of the drugs, have also 
i been considered in the process of NSAID-induced gastropathy 

WHttIe~T992). AddiSonll"evidence for "thTim^ic^ioirof COX-1 ~ 
inhibition in NSAID-induced gastric damage has been pro- 
. vided by recent studies with selective COX-2 inhibitors dem- 
< onstrating that these compounds are effective anti-inflammatory 
I agents with a marked decrease of uicerogenicity in healthy 
: animals compared with known NSAIDs (Chan et al. 1995; 
! Futaki et al. 1994; Gans et al. 1990; Masferrer et al. 1994; 

Riendeau et al. 1997). Current clinical studies with the selec- 
. live COX-2 inhibitors celecoxib (Hubbard et al. 1996) and 
1 MK-966 (Ehrich et al. 1996) should allow the evaluation of 
the therapeutic advantages of selective COX-2 inhibition. 

Previous studies with the selective COX-2 inhibitors 
NS-398, DuP 697, and DFU have shown that these compounds 
I are time-dependent inhibitors of COX-2 and rapidly reversible 
competitive inhibitors of COX-1 (Copeland et al. 1994; Ouellet 
^ Percival 1995; Riendeau et al. 1997). Assays with recom- 
binant enzymes are typically performed using arachidonic acid 
concentrations ranging from 1 to 10 \iM to evaluate inhibitor 
selectivity (Gierse et al. 1995; Laneuville et al. 1995; Leblanc 
1995). Several of the selective COX-2 inhibitors show 
.^inhibitory effects on COX- l activity under these conditions, 
*ith the detection of inhibition at high doses being sometimes 



limited by compound insolubility in aqueous media. We have 
previously reported that inhibition of COX-1 activity by selec- 
tive COX-2 inhibitors can be detected using microsomes from 
U937 cells incubated with a low concentration of arachidonic 
acid (Riendeau et al. 1997). In this study, the inhibitory effects 
of a large number of NSAIDs and COX-2 inhibitors on COX- 1 
activity were evaluated under conditions of limited arachi- 
donic acid availability and were compared with those observed 
with platelet and whole-cell assays. 

Materials and methods 

NSAIDs and COX-2 inhibitors 

Acetaminophen, salicylic acid, isoxicam, niflumic acid, carprofen, 
phenylbutazone, meclofenamic acid, mefenamic acid, flufenamic 
acid, nabumetone, diclofenac, fenoprofen, ketoprofen, nimesulide, 
piroxicam, naproxen, zomepirac, etodolac, and ibuprofen were ob- 
tained from Sigma Chemicals (St. Louis, Mo.). Indomethacin, aceryl- 
salicylic acid, and flurbiprofen were purchased from Cayman 
Chemicals, Ann Arbor, Mich. Flunixin (banamine) was obtained 
from Schering-Plough, Pointe-Claire, Que., and ketorolac from 
Roche Bioscience, Mississauga, Ont Tenidap (Moore et al. 1996) 
was provided by the Central Research Division, Pfizer, Groton, Conn. 
Sulindac sulfide, azapropazone, fenclofenamic acid, benoxaprofen, 
tepoxalin, NS-398 (Futaki et al. 1994), DuP 697 (Gans et al. 1990), 
flosulide (CGP 28238) (Wiesenberg-Bottcher et al. 1989), meloxi- 
cam (Engelhardt et al. 1996), 6-methoxy-2-naphthaIeneacetic acid 
(6-MNA) (Blower 1992), SC-58451 (Reitz et al. 1995), SC-58125 
-(Saberteta^^ 

et al. 1995), 6-[5-(4-chlbrobenzoyl)-l,4-dimethyl-l//-pyrroir2-yl- 
memyl]-2//-pyridazin-3-one (RS-57067) (Barnett et al. 1 996), T-6 14 
-(Tanaka-et-ak^ 

"(compo"und 23, Leblanc et al. 1W5JT and 5;5-dimethyl-3-(3- 
{luorophenyl)-4-(4-methylsulphonyl)phenyI-2(5//)-friranone (DFU) 
(Riendeau et al. 1 997) were synthesized in the Department of Medici- 

*nal Chemistry, Merck Frosst Centre for Therapeutic Research, 
Canada, or were obtained from Merck Research Laboratories, 
Rahway, N.J. 

Inhibition of microsomal COX-1 at low arachidonic acid 
concentration 

U937 cells were obtained from the American Type Culture Collection 
and cultured in spinner flasks in RPMI (Sigma Chemical) supple- 
mented with 2 g/mL NaHCO^, 50 IU/mL penicillin, 50 Hg/mL strep- 
tomycin, and 10% heai inactivated fetal bovine serum. These cells 
express COX-1 and no detectable amounts of COX-2 by reverse tran- 
scriptase - polymerase chain reaction (RT-PCR) and immunoblot 
analyses (Wong et al. 1997). Undifferentiated U937 cells were har- 
vested by centrifugation at 500 x g for 5 min, washed once with pbos- 
phate-bufTered saline (Gibco-BRL, Burlington, Ont), repelleted, and 
stored at -80°C until processing. Cells were thawed and resuspended 
in 0.1 M Tris-HCl, pH 7.4, 10 mM EDTA, 2 mg/mL leupeptin, 
2 mg/mL soybean trypsin inhibitor, 2 mg/mL aprotinin, and 1 mM 
phenylmethylsulfonyl fluoride (typically 1 x 10'° cells in 250 mL of 
buffer). The cell suspension was sonicated 4 times for 10 s (Cole 
Parmer Ultrasonic Homogenizer 4710, Cole Parmer Instrument Co., 

© 1997NRC Canada 
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Chicago, 111.; output control, 3.8; 70% duty cycle) and then centri- 
fuged at 10 000 x g for 10 min at 4°C. The supernatant was centri- 
fuged at 100 000 x g for I h at 4°C, and the resulting', pellet was 
resuspended in 0.1 M Tris-HCl, pH 7.4, 10 mM EDTA. Aliquots of 
the resuspended pellet, referred to as the microsomal preparation 
(7-20 mg of protein/mL), were stored at -80°C. Protein concentra- 
tions were determined using the Bio-Rad (Mississauga, Ont.) 
Coomassie protein stain. 

Immediately prior to use, microsomal preparations were thawed, 
subjected to a brief sonication, and then diluted to a protein concen- 
tration of 125 ^ig/mL in 0. 1 M Tris-HCl, 10 mM EDTA, pH 7.4, con- 
taining 0.5 mM phenol, 1 mM reduced glutathione, and l jiM 
haematin. Compounds were tested at 8 concentrations in duplicate 
using 3 -fold serial dilutions in DMSO of the highest drug concentra- 
tion. A 5-uX sample of test compound or DMSO vehicle was added 
to 20 uX of 0.1 M Tris-HCl, pH 7.4, 10 mM EDTA, in a 96-well 
polypropylene minitube plate (Beckman, Mississauga, Ont.) and 
mixed with 200 \xh of the microsomal suspension. After a preincuba- 
tion for 15 min at room temperature, 25 U.L of a solution of 1 mM 
peroxide-free arachidonic acid (Cayman Chemical Co.^in 0.1 M 
Tris-HCl, pH 7.4, 10. mM EDTA, was added to give a final concen- 
tration of arachidonic acid of 0.1 uJvl. The samples were mixed and 
incubated at room temperature for 40 min. Control samples contained 
ethanol vehicle instead of arachidonic acid. Following the incubation 
period, the reaction was terminated by the addition of 25 |lL of 1 M 
HC1. Samples were neutralized by the addition of 25 uL of 1 M NaOH 
prior to quantitation of PGE2 by radioimmunoassay (NEN-DuPont, 
Boston, Mass., or Amersham, Oakville, Ont.). These procedures were 
automated using a Biomek 1000 (Beckman). Cyclooxygenase activ- 
ity in the absence of test compounds is defined as the difference 
between PGEj levels in samples incubated in the presence, of arachi- 
donic acid versus the ethanol vehicle. The percentage of inhibition of 
PGE 2 synthesis is calculated from the difference between PGE 2 levels 
in samples incubated in the absence or presence of the test com- 
pounds. 

Thromboxane B 2 production by calcium ionophore activated 
human platelets 

P latelets -were - prepared from human- venous -blood .obtained., from 
" ealu^^Iunteers.'tnFc^ was immediately mixed with- 

1/1 0th volume of anticoagulant solution (65 mM citric acid, 85 mM 
sodium citrate, and 2% glucose) and centnfuged , at 200 xg for_ 
-iO-mm,-The-supematant-w^- 
balanced salt solution buffered with 1 5 mM Hepes, pH 7.4 (HHBSS), 
and 30% volume of the anticoagulant solution. This mixture was 
centrifuged at 750 x g for 10 min, and the pellet was resuspended in 
HHBSS. Platelet concentration was determined with a Coulter 
counter. Platelets were preincubated at a final concentration of 4 x 
10 7 cells/mL (0;2-0.25 mL) in the absence or presence of the inhibitor 
(from a 125-fold concentrated solution in DMSO) for 15 min before 
stimulation with 2 \lM calcium ionophore A23187. After a further 
10-min incubation at 37°C, cold (4°C) methanol was added (50% by 
volume) to stop the reaction and thromboxane B 2 (TXB 2 )Tevels were 
measured by enzyme immunoassay (Assay Designs Inc.). Inhibitors 
were tested at 8 concentrations using 3-fold serial dilutions of the 
highest drug concentration. Human platelets released 13-20 ng of 
TXB 2 /10 7 cells following challenge with 2 A23187 and 4-10 ng 
TXB 2 /10 7 cells when stimulated with 1 fiM arachidonic acid instead 
of ionophore. Less than 5% of the total production of f XB 2 was 
observed in the absence of ionophore challenge. 

Assays with transfected CHO cells expressing COX-1 

Stably transfected CHO cells expressing human COXJ were ob- 
tained from G.P. O'Neill (Merck Frosst). The production of PGE 2 by 
the CHO[COX- 1 ] cells following stimulation by arachidonic acid was 
used as a cell-based assay for COX-1 as previously described 
(Kargman et al. 19966) and as summarized below. CHO[COX-l] 



cells were washed once and resuspended in Hanks' balanced salts 
solution containing 15 mM Hepes, pH 7.4, at a cell concentration of 
1.5 x 10 6 cells/mL. The cells were preincubated with test drug 0r 
DMSO vehicle for 15 min at 37°C before challenge with a final con- 
centration of 0.5 U.M arachidonic acid. After an incubation of 15 m j n 
at 37°C with arachidonic acid, the reaction was terminated by acidifi- 
cation. PGE, production was quantitated using an EIA (Correlaie 
PGEj enzyme immunoassay kit, Assay Designs Inc., Ann Arbor, 
Mich.) or R1A (Amersham). The levels of PGE 2 in samples from 
CHO[COX-l] increased from <80 pg to 0.3-1.3 ng PGE 2 /10 6 cells 
following stimulation with 0.5 u\M exogenous arachidonic acid. Cy- 
clooxygenase activity in the absence of test compounds is determined 
as the difference in PGE 2 levels of cells challenged with arachidonic 
acid versus the PGE 2 levels in cells mock challenged with ethanol 
vehicle. Each experiment included a set of 8 positive and negative 
control samples (± arachidonic acid challenge) for cells preincubated 1 
in the absence of inhibitor. Compounds were typically tested at 8 con- 
centrations in duplicate using 3-fold serial dilutions in DMSO. Inhi- ! 
bition of PGEj synthesis by test compounds is calculated as a 
percentage of the activity in the presence of drug versus the activity 
in the positive control samples. 



Results 

Measurement of COX-1 activity at low arachidonic acid 
concentration 

Microsomal membranes from U937 cells were used as a source 
of COX- 1 and assayed for the arachidonic acid dependent pro- 
duction of PGE 2 . The apparent K m for arachidonic acid using 
this preparation was 0.6 (iM (Fig. 1 A). A significant stimula- 
tion of PGE 2 production was observed at the low concentra- 
tions of 0.1 and 0.5 (J.M arachidonic acid for which the time 
course of the reaction was measured over a 40 min period 
(Fig. IB). An accumulation ranging from 3 to 12 ng PGE 2 /mg 
protein for various preparations and an average 10-fold stimu- 
lation by arachidonic acid were measured using the 40-min 
reaction- at -0.1 (iM.arachidonic. acid. These conditiojis.were 

"selected TdFthe evaluaTioh~of "trTe~irihlm^ol^ effects '" 
pounds on the COX- 1 reaction at a subsaturating concentration | 

^o£arachidoniaacid^^_ : ir _-™™..™_-,_ 



Effects of NSAIDs and COX-2 inhibitors on COX-1 
activity assayed at low substrate concentration 

The production of PGE 2 in the U937 microsome assay at low 
arachidonic acid can be inhibited dose dependently by NSAIDs 
arid selective COX-2 inhibitors. Examples of inhibitor titra- 
tions showing that the nonselective flurbiprofen is about 300 
and 10 000 times more potent at inhibiting microsomal COX-1 
than the selective COX-2 inhibitors NS-398 and DFU, respec- 
tively, are given in Fig. 2. The inhibition by flurbiprofen was 
stereoselective, the (^flurbiprofen being 600-fold more po- 
tent than (fl)-flurbiprofen (table 1). the assay was very sensi- 
tive to inhibition and allowed the detection of inhibitory effects 
for each of the NSAIDs and selective COX-2 inhibitors tested 
(Table 1). IC 50 values ranged from 0.6 nM for (^-flurbiprofen 
to 500 \iM for salicylic acid. L-745,296, a selective COX-1 
inhibitor (Leblanc et al. 1995), was a very potent inhibitor ol 
COX-1 under these conditions, with an IC 50 value of 1.9 nM- 
The selective COX-2 inhibitors NS-398 (IC 50 0.3 
SC-58125 (IC 50 0.76 nM), L-745,337 (IC 50 2.8 \iM), andDBj 
(IC 50 13 jlM) were, respectively, 15-, 38-, 140-, and 640-^ 
less potent inhibitors of the microsomal COX-1 activity at to* 
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pig. 1. Production of PGEj by microsomes from U937 cells. 
(A) Dependence of PGE 2 production- on' arachidonic acid 
concentration, using a reaction time of 3 min. (B) Time dependence 
of the production of PGE 2 , using initial arachidonic acid 
concentrations of O.i and 0.5 uM. 
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arachidonic acid concentration than indomethacin (IC 50 
20nM). 

Inhibition of TXB 2 production by human platelets 

The potency of NSAIDs and COX-2 inhibitors as inhibitors of 
Ca 2+ ionophore induced TXB 2 production by human platelets 
was also determined (Table l). Potent time-dependent inhibi- 
tors, such as flurbiprofen and indomethacin, showed IC 50 val- 
ues in the low nanomolar range, which is similar or slightly 
lower than those measured using the U937 microsomal assay, 
for selective COX-2 inhibitors such as DuP 697, NS-398, and 
DFU, which behave as reversible competitive inhibitors of 
COX-1, IC 50 values were in general 2-10 times higher in the 
Platelet than in the microsomal assay. A good correlation was 
observed between the IC 50 values measured for the inhibition 
°f PGE2 production by microsomes at low arachidonic acid 
concentration and those determined for the inhibition of TXB 2 
ky calcium ionophore stimulated platelets (Fig. 3). Some de- 
lation was observed with flufenamic acid and etodolac, which 
We re found to be either less or more potent, respectively, in the 
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Fig. 2. Concentration dependence of the inhibitory effects of 
NSAIDs and COX-2 inhibitors on the production of PGEj by U937 
microsomes. Inhibitors were preincubated with the enzyme for 
1 5 min prior to incubation for 40 min with 0. 1 uM arachidonic acid. 
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Fig. 3. Correlation between the IC 50 values of the platelet and 
microsomal assays for COX-1. Compounds were tested for the 
inhibition of TXB 2 by calcium ionophore stimulated platelets and 
for inhibition of the production of PGEj by U937 microsomes at 
low substrate concentration. Data for the different NSAIDs and 
COX-2 inhibitor are from Table 1. 

DFU 
T-6H 




MICROSOMAL COX-1 (IC 50f nM) 

platelet assay than inhibitors of comparable potency in the 
COX-l microsomal assay. The results suggest that the inhibi- 
tion of COX- 1 accounts for the effects of most of the inhibitors 
tested on TXB 2 synthesis by activated platelets. 

Inhibition of PGE 2 production by CHO[COX-l] cells 

The production of PGE 2 by CHO[COX-l] cells stimulated by 
arachidonic acid (0.5 (J.M) has been used previously a$ a cell- 
based assay for COX-1 (Kargman et al. 19966). Comparison 
of the inhibition data obtained for the CHO[COX-l] cells with 
those of ionophore-challenged platelets (Table 1) indicates 
that certain inhibitors are more potent in the latter assay, with 
the largest differences observed for piroxicam and etodolac 
(16- and 120-fold, respectively). In general, the rank order of 
potency of the various inhibitors tested was similar to that of 
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Fig. 4. Correlation between the IC 50 values for the inhibition of 
PGE 2 in the CHO[COX-l] cells and microsomal COX-1 assays. 
Data are from Table 1 . 




MICROSOMAL COX-1 (IC 50) nM) 



the other two assays for COX-1. The correlation between the 
IC 50 values for the CHO[COX-1] andU937 microsornjil assays 
is shown in Fig. 4. 

Discussion 

Several factors have been implicated in the mechanism of gas- 
trointestinal intolerance to NSAIDs, including topical irrita- 
tion, promotion of acid back-diffusion into the gastric mucosa, 
enterohepatic recirculation, uncoupling of oxidative phospho- 
rylation, and inhibition of the synthesis of cytoprotective pros- 
taglandins (Hudson etal. 1992; Whittle 1992). Prostaglandins 
of the gastrointestinal tract are mainly derived froitl COX- 1 
(Kargman et al. 1996a) and appear to protect the gastric mu- 
cosa by inhibiting acid secretion, raising bicarbonate output 
and mucous secretion, and by maintaining mucosal blood flow 
(Appleyard et al. 1996; Polisson 1996; Wallace 1994). There 
has been some discussion about the relative importance of the 

"Various mechanisms, but most investigators-seem to regard the - 
mechanism of NSAID toxicity as a multifactorial process, of 

jvhich J2QXt L inhibition is one important element (Bennett 

-and-tavares T995r4^& 
1994). The multiplicity of the factors involved in mucosal cy- 
toprotection might also explain the absence of spontaneous 
gastrointestinal lesions in COX-1 -deficient mice (Langenbach 
etal. 1995). 

To develop a sensitive assay for the inhibition of COX-1, 
we have optimized an assay at low arachidonic acid concen- 
tration, using microsomes from U937 cells. This assay was 
found to be more reproducible and slightly more sensitive than 
that using the purified enzyme at the same arachidonic acid 
concentration, presumably as a result of membranes^acting as 
a carrier and further diluting the arachidonic acid substrate. It 
was more sensitive to inhibition than assays using gastric mu- 
cosa homogenates (Boughton-Smith and Whittle 1983) 
or minced intestinal tissues (Futaki et al. 1992). The evalu- 
ation of inhibitory effects on COX-1 at low arachidonic acid 
may be especially relevant to those related to NS AID-induced 
gastropathy considering that the utilisation of arachidonic acid 
appears to be limiting in the gastric mucosa. For example, the 
intragastric administration of arachidonic acid has been shown 
to cause a 400-fold elevation of PGE 2 over basal levels (Doyle 
et al. 1989). In addition, the presence of arachidonic acid bind- 
ing proteins, which reduce arachidonic acid utilisation by cy- 



clooxygenase, has been demonstrated in microsomes fromthe 
gastric mucosa (Preclik et al. 1992). 

It should be noted that the effect of lowering the arachidonic 
acid concentration on inhibitory potency will depend on the 
mechanism of inhibition of the particular compound tested 
Three different mechanisms of inhibition have been elucidated 
for COX-1 inhibition (Griswold and Adams 1996). A first 
mechanism of inhibition involves the time-dependent forma- 
tion of a tight enzyme-inhibitor complex and is typically ob- ■ 
served for potent nonselective inhibitors such as indomethacin 
and flurbiprofen. The second mechanism is through a rapid S 
reversible binding to the enzyme, competitive with arachi- j 
donic acid. Less potent inhibitors of COX-1 , such as the selec- I 
tive COX-2 inhibitors DuP 697, NS-398, and DFU, fall into . 
this category. Acetylsalicyiic acid has a distinct irreversible 
mechanism involving a covalent acetylation of an active-site 
serine residue. In assays where inhibitors are preincubated 
with enzyme prior to the addition of arachidonic acid, lowering 
the substrate concentration will result in an increase in potency 
for competive inhibitors, whereas little effect should be ob- 
served for slowly reversible and irreversible inhibitors. | 

A good correlation was found between the inhibition of j 
microsomal COX-1 and both the inhibition of TXB 2 synthesis j 
by Ca 2+ ionophore challenged platelets and the inhibition of | 
PGE 2 production by CHO[COX-l] cells. The IC 50 values in 
the platelet assay are about 10- to 300-fold lower than those 
reported for platelets stimulated with 5-10 arachidonic 
acid (Grossmann et al. 1995; Klein et al. 1994). The difference 
in potency might be explained by a higher effective concen- j 
tration of arachidonic acid in the latter assay compared with j 
ionophore-challenged platelets. In other experiments, we have 
observed a decrease in potency for several inhibitors by raising I 
either the ionophore or arachidonic acid concentration (unpub- j 
lished observations). 

Long-term use of NSAIDs is associated with gastrointesti- 

nal~side-eifects"Suchas-ulceran^n-and-bleeding-(Chainpion~. 

et al. 1997; Langman et al. 1994). All NSAIDs tested were j 
found to inhibit the synthesis of COX- 1 -derived PGE 2 in the j 

-U93-7-mierosome-a5say^ 

The assay allows the discrimination of inhibitor potencies over 
a wide range of IC 50 values, ranging from 1 nM for flunixin 
and flurbiprofen to 200-500 (iM for salicylate and acetamino- ! 
phen. The latter two compounds are also very weak inhibitors 
of gastric PGE 2 production in vivo, acetaminophen being non- 
ulcerogenic and salicylate having toxic effects bh the gastric 
mucosa, which appears to be unrelated to the inhibition of j 
prostanoid synthesis (Laporte et al. 1991; Whittle 1992). Ace- 
tylsalicyiic acid was only slightly more potent than salicylate j 
in the COX-1 microsomal assay. Acetylsalicyiic acid is a 
known inhibitor of the. production ofgastric prostaglandins at 
high doses, and its potency was probably underestimated rela- 
tive to other inhibitors under the present assay conditions, con- 
sidering the irreversible mechanism 6( inhibition. Several of 
the currently marketed NSAIDs such as-keftjrolac, naproxen, j / 
piroxicam, nimesulide, and meloxicam had & potency simile 
to that of ibuprofen, with IC 50 values 10 to 50 times higher 
than those of flurbiprofen, ketoprofen, or meclofenamic acid 
Tepoxalin was among the most potent COX-1 inhibitors. TW 
weak ulcerogenicity of this compound in rats has been relate^ 
to dual inhibitory effects on the syntheses of prostaglandin* 
and leukotrienes (Argentieri et al. 1994). Both the prodmg 
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Table 1. Effects of NSAIDs and COX-2 inhibitors on COX-1 activity from U937 cell microsomes, human platelets, and CHO[COX-l] cells. 
- IC 50 (nM) " 



Of 

sis 
of 
in 
se 
uc 
ce 
n- 
ith 
ve 

og 
b- 

ti- 



(5).Flurbiprofen 

Flunixin 

Flurbiprofen 

L-745,296 

Sulindac sulfide 

Ketoprofen 

jvfeclofenamic acid 

fepoxalin 

Diclofenac 

DuP 697 

Flufenamic acid 

Indomethacin 

SC-58451 

Niflumic acid 

Zomcpirac 

Ketorolac 

Mefenamic acid 

Naproxen 

Tolmetin 

Tenidap 

Fenoprofen 

Celecoxib 

Carprofen 

Ibuprofen 

Nimesulide 

Meloxicam 

Piroxicam 

Tenoxicam 

RS-57067 

NS-398 

Fenclofenamic acid 



on ■ (/^Flurbiprofen 



:re ( SC-57666 
he ! SG-58125 



r er 

;in 

iO* 

)rs 
ni- 
ne 
of 
;e- 
ite 



of 
:n, 
!ar 
»er 
id. 
he 
ed 
ins 
ug 

16* 



Phenylbutazone 

BW 755C 

Etodolac 

6-MNA 

Isoxicam 

L-74^337 

Nabumetone 

Azapropazone 

fknoxaprofen 

DFU 

T-614 

Sulindac sulfoxide ■ 
Acetybalicylic acid 
Sulindac sulfone 
Acetaminophen 
Salicylic acid 



U937 microsomes 



Platelets 



0.6 ±0.2 (3) 
1.1 ±0.1 (2) 
1.4 ±0.3 (3) 
1.9 ±0.4 (2) 
2.3 ±0.9 (2) 
2.8 ±0.3 (3) 
3.8 ±0.4 (3) 
3.8 ±0.4 (2) 

7.0 ±3.0 (3) 

7.1 ±3.4 (3) 

12.1 ±3.3 (3) 
19.8 ±0.2 (23) 
23.0 ± 1.6(3) 

23.3 ±0.8 (3) 

24.2 ±1.1 (3) 

28.0 ±6.5 (3) 

28.8 ± 8.3 (2) 

29.4 ± 7.5 (3) 

30.1 ±3.3 (2) 
34 ± 13(4) 

47.1 ±0.7(2) 

52.3 ± 8.7 (3) 

75.9 ± 2.0 (2) 
94 ± 13 (3) 

117 ±37 (3) 
143 ±55 (2) 
163 ± 17(3) 
229 ±71 (2) 
287 ± 8 (2) 
300 ± 120 (4) 
3 16 ±35 (3) 

390_±.55_(3)_„__ 

480 ± 130 (3) 
762 ± 68 (3) 

~ " f - , roorar70T3 T- ^ 



1 012 ±77 (2) 
1 010±2iO(3) 
1 200 ± 260 (4) 
1 300 ± 600 (6) 

1 320 ± 190 (2) 

2 780 ±280 (3) 

3 530 ±730 (3) 

3 800 ± 1 200 (4) 
3 840 ±780 (2) 
12 600 ±2 400 (11) 
16 700 ±4 800 (4) 
15 600 ±5 100(5) 
21 500 ±6 400 (3) 
46 900 ±7 800 (5) 
188 000 ±59 000 (3) 
490 000 ± 120 000 (3) 



nd 
nd 

1.1 ±0.1 (2) 
nd 

3.3 ± 1.1 (3) 

1.7 ±0.1 (2) 
nd 

1.8 ±0.3 (2) 

1.7 ±0.1 (2) 
21.9 ±5.9 (3) 
700 ± 330 (2) 

4.8 ± 1.1 (4) 
nd 

nd 
nd 

21.3 ±9.9 (2) 
nd 

19.7 ±5.8 (3) 
19.5 ± 1.6(2) 
144 ±56 (3) 
nd 

660 ± 20 (2) 
610 ± 140 (4) 
154 ±3 (2) 
1 110 ± 440 (4) 
310 ± 110(3) 
210 ± 130 (3) 
nd 

1 900 ± 400 (3) 
780 ±310 (5) 

nd 

_._..nd 

2 100 ±200 (3) 

4 800 ± 1 400 (3) 

" Toooirr 7ooT4r~ 

3 700 ± 1700(4) 

nd 

400 ± 110(3) 
2 800 ± 1 800 (6) 
nd 

29 000 ± 19 000 (5) 
14 100 ±5 500 (5) 

nd 

nd 

> 100 000 (8) 
> 40 000 (3) 
nd 
nd 
nd 
nd 
nd 



CHO[COX-l] 



0.5 ±0.3 (2) 
17 ±5 (2) 
1.8 ±0.4 (7) 

31(1) . 
28.0 ±6.7 (10) 
6.1 ±0.1 (2) 
1.8(1) 
<22 (2) 
4.3 ± 1.1 (5) 
59 ± 14(8) 

2 100 ±960 (10) 
17.6 ±3.1 (7) 
180 ± 110(2) 
950 ± 250 (4) 

nd 

82.9 ±0.8 (3) 
nd 

62 ± 29 (3) 
157(1) 

55 ±27 (2) 
nd 

320 ± 120 (2) 
200 ± 120 (2) 
470 ±60 (8) 
780 ± 220 (3) 
1 810 ±430 (4) 

3 460 ± 990 (4) 

nd 

3 580 ± 860 (2) 

1 930 ± 610 (12) 

nd 

. 620.(1)-. 

6 000 ± 1 900 (2) 
12 300 ±8 700 (3) 

— w rrgog-r7go T3) 

"8 000 ±1 800 (2) 
nd 

-50 000 (5) 

2 290 ± 530 (4) 

4 200(1) 
-50 000 (5) 
15 700 ±2 700 (2) 
nd 
nd 

> 50 000 (6) 

> 50 000 (2) 

nd 
nd 
nd, 
- 50 000 (2) 



Note: Compounds were tested using a 1 5-min preincubation in the indicated assay. IC 5{) values are given ± range (n = 2) or SE {n > 2); nd, not determined 



^bumetone and its active metabolite 6-MNA (Blower 1992), 
a rather nonselective cyclooxygenase inhibitor (Grossmann 
* al. 1995), were found to inhibit the microsomal COX-1. 
u »ndac sulfone and sulindac sulfoxide also caused inhibition 



at high concentrations but were considerably less potent than 
the active sulindac sulfide form. 

Inhibition of COX-1 at low substrate concentration was de- 
tected with all selective COX-2 inhibitors tested, including 
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DuP 697, NS-398, SC-5.8125, and L-745,337, for which anti- 
inflammatory effects have been demonstrated at doses that are 
, non-ulcerogenic and that do not inhibit gastric PGE 2 produc- 
tion (Chan et al. 1995; Futaki et al. 1994; Gans et al-1990; 
Masferrer et al. 1994; Seibert et al. 1994). Among the com- 
pounds for which in vitro selectivity for COX-2 has been re- 
ported, the rank order of potency against COX-1 was 
DuP 697 > SC-5845 T > celecoxir> nimesulide— meloxF- 
cam - piroxicam ~~ NS-398 ~~ RS-57067 > SC-57666 > 
SC-58125 > flosulide > etodolac > L-745,337 > DFU ~ 
T-614. For this class of compounds, it is expected that the 
selectivity ratio of COX-2/COX-1 inhibition will be of pri- 
mary importance to determine the effective dose as anti- 
inflammatory and analgesic agent versus the dose responsible 
for gastrointestinal side effects. For example, T-614, which 
was found to be about 300-fold less potent than celecoxib in 
the COX-1 microsomal assay, is also about 100- fold less po- 
tent as a COX-2 inhibitor in the CHO[COX-2] assay (unpub- 
lished observations). Gastrointestinal toxicity has been 
observed at high doses with meloxicam, piroxicam, flosulide, 
and etodolac (Engelhardt et al. 1995; Melarange et al. 1995; 
Wiesenberg-Bottcher et al. 1989) and may be related to COX- 
1 inhibition. No detectable loss of the integrity of the,gastro- 
intestinal tract was observed with DFU administered at a dose 
200-fold higher than the efficacious anti- inflammatory dose 
(Riendeau et al. 1997). Obviously, the ability of these inhibi- 
tors to block COX-1 activity in vivo will depend on a number 
of different factors, including oral bioavailability, tissue distri- 
bution, binding to protein, and pharmacokinetics. Therefore, 
the ulcerogenic potential of a compound cannot be predicted 
simply on the basis of its potency as an inhibitor of COX-1 
in vitro. Nevertheless, the microsomal assay at low substrate 
concentration is particularly useful to compare relative^poten- 
cies of weak inhibitors of COX- 1 . 
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Selective inhibition of COX-2 in humans is 
associated with less gastrointestinal injury: a 
comparison of nimesulide and naproxen 

A A Shah, B Thjodleifsson, F E Murray, E Kay, M Barry, G Sigthorsson, H Gudjonsson, 
E Oddsson, A B Price, Dj Fitzgerald, I Bjarnason 



Abstract 

Background — Selective inhibitors of cyclo- 
oxygenase (COX)-2 may provoke less 
gastric damage and platelet inhibition 
than conventional non-steroidal anti- 
inflammatory drugs. 

Aims — We compared the-biochemical and 
gastrointestinal effects of nimesulide, a 
potent and selective COX-2 inhibitor, with 
naproxen which exhibits no selectivity. 
Subjects — Thirty six healthy volunteers 
were randomised to nimesulide 100 mg or 
naproxen S00 mg twice daily for two weeks 
in a double blind, crossover study with a 
washout between treatments. 
Methods — Gastrointestinal side effects 
were assessed by endoscopy, and by esti- 
mation of small intestinal absorption- 
permeability and inflammation. 
Comparisons were made between vari- 
ables at the end of each treatment phase. 
Results — Nimesulide caused significantly 
less gastric injury using the modified 
Lanza score (p<0.001) as well as reduced 
duodenum injury (p=0.039). Nimesulide 
hadJower=.visuaLanalogue.scores.(yAS).for. 



Non-steroidal anti-inflammatory drugs 
(NSAIDs) are a major cause of iatrogenic 
gastrointestinal injury. IHi Gastrointestinal tox- 
icity is particularly evident in the stomach 2 and 
duodenum, 5 7 although injury occurs through- 
out the bowel. 5 Cross sectional endoscopic 
studies in patients receiving NSAIDs show an 
ulcer prevalence of 10-25% with significant 
attendant mortality and morbidity. 8 9 NSAIDs 
may also injure the small intestine, leading to a 
spectrum of damage from a change in perme- 
ability through to inflammation and ulceration, 
which may lead to anaemia 10 and occasionally 
stricture formation. 11 

NSAIDs are inhibitors of cyclooxygenase 
(COX) and prostaglandin (PG) formation. 
Two isoforms of the enzyme have been identi- 
fied, COX-i 12 which is present in most cells, 
and COX-2 13 which is largely absent in normal 
tissue but is inducible by cytokines, growth 
factors, and hormones, 14 " 16 and is expressed at 
the site of inflammation. 17 COX-1 is largely 
responsible for PG formation in the stomach 
and duodenum, 18 19 although COX-2 expres- 
sion has been reported. COX-1 is the only 
form of „the ^ ejizyme found in pjatelets. 
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stomach (p<0.001) and for mucosal injec- 
tion in the duodenum. (p=0, 03 9) . Naproxen 
-increased— -excretion— of—calprotectin^—a- 
marker of intestinal inflammation (5.5 
(1.2) to 12.1 (2.1) mg/1) while nimesulide 
had no effect (treatment difference 
p=0.03). Naproxen abolished platelet ag- 
gregation to arachidonic acid and sup- 
pressed serum thromboxane B 2 (TXB 2 ) by 
98%, indices of COX* 1 activity. In con- 
trast, nimesulide had no significant effect 
on platelet aggregation, although it re- 
duced serum TXB 2 by 29%. Production of 
prostaglandin E 2 and prostacyclin by gas- 
tric biopsies, also COX rl. dependent, was 
inhibited by naproxen, but not by 
nimesulide. COX-2 activity, determined 
as endotoxin induced prostaglandin E 2 
formation in plasma, was markedly sup- 
pressed by both treatments. 
Interpretation— Nimesulide has preferen- 
tial selectivity for COX-2 over COX-1 in 
vivo at full therapeutic doses and induces 
less gastrointestinal damage than that 
seen with naproxen in the short term. 
{Gut 2001;48:339-346) 

Keywords: cyclooxygenase; prostaglandins; platelet 
aggregation; non-steroidal anti-mflarnmatory drug 
enteropathy 



major product is PGE 2 , 19 may be responsible in 
part for the injury seen with NSAIDs. 6 More- 

tion of COX-2 is associated with minimal or no 
gastrointestinal damage. 30 Concomitant inhibi- 
tion of COX-1 in platelets may also contribute 
to the haemorrhagic complications of gastro- 
intestinal damage as this inhibits platelet 
thromboxane (TX) formation and aggregation, 
and. prolongs bleeding time. 21 22 

The majority of currently available NSAIDs 
inhibit both isoforms of the enzyme to a similar 
extent. 23 An important development has been 
the identification of several compounds with 
selectivity towards COX-2. 24 " These com- 
pounds - offer ""the" potential for "suppfeisirrg 
COX-2 at sites of inflammation while preserv- 
ing COX-1 in the stomach and platelets. Con- 
sequently, COX-2 inhibitors may induce less 
gastric injury and haemostatic impairment. 
Here, we compare the gastrointestinal toler- 
ability and in vivo biochemical selectivity of 
nimesulide, a relatively selective inhibitor of 



Abbreviations used in this paper. NSAID, 
non-steroidal anti-inflammatory drug; COX, 
cyclooxygenase; PG, prostaglandin; TX, thromboxane; 
VAS, visual analogue score; LPS, lipopolysaccharide; 
PGI„ prostacyclin; ADP, adenosine diphosphate; 
TRAP, thrombin receptor activator peptide. 
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COX-2 26 27 in vitro, with the non-selective 
COX inhibitor naproxen. 

Subjects and methods 

SUBJECTS 

Thirty six healthy volunteers, aged 40-67 
years, were recruited from two centres, Beau- 
mont Hospital Dublin, Ireland (n=l3) and 
University Hospital Reykjavik, Iceland (n=23). 
Specific exclusion criteria were a past history of 
intolerance to NSAIDs, modified Lanza score 
of >1 at baseline endoscopy, past history of 
peptic ulcer disease, or any other clinically sig- 
nificant medical disorder. The ethics commit- 
tees of the participating hospitals approved the 
study protocol and written informed consent 
was obtained from all subjects. 

STUDY DESIGN 

At the start of period 1, subjects were randomly 
assigned to receive naproxen 500 mg twice 
daily and nimesulide placebo or nimesulide 
100 mg twice daily and naproxen placebo for 
two weeks. The first period was followed by a 
two week washout and then subjects were 
assigned to the alternate therapies. The ran- 
domisation list was prepared using the software 
Rancode, v 3.1 (Gauting, Germany). 

GASTRO DUODENAL EVALUATION 

Endoscopic evaluation of subjects was per- 
formed at the start and end of each period. 
Gastric and duodenal damage was assessed 
separately using a modified Lanza score 28 
(tables 1, 2) and visual analogue score (VAS). 29 
For the Lanza score, a score of 0 indicated no 
lesion, a single erosion or submucosal haemor- 
rhage was given a score of 1, 2-10 erosions or 
submucosal haemorrhages a sc ore of 2, >10 
--erosions-Gr-submueosal-haemorrhages-aTseore- 
of 3i and an uleer a score of 4. Lanza score 4 
("ulcer") required an excavated mucosal break 
-of-5 aim or mur e ". FoT^mcb^gfthe'st 



Reactive or chemical gastritis is associated with 
the use of NSAIDs. Parameters indicative of 
these changes were also documented and 
scored as follows: foveolar hyperplasia, arbori- 
sation of the muscularis into the mucosa, 
oedema, hyperaemia, paucity of inflammation, 
and atrophy. The maximum score was 24 for 
the antrum and corpus. A score of 6 or less was 
considered insignificant. 

INTESTINAL ABSORPTION-PERMEABILITY 

The 23 subjects from Iceland underwent a 
combined absorption-permeability test two 
days prior to and on day 10 of both the 
nimesulide and naproxen treatment periods, 
one hour following drug ingestion. 35 All 
subjects abstained from alcohol and any medi- 
cines known to influence permeability and 
absorption. After an overnight fast, a test solu- 
tion (100 ml of 3-0-methyl-D-glucose (0.2 g), 
D-xylose (0.5 g), L-rhamnose (1.0 g), and 
lactulose (5.0 g)) was administered orally and 
urine collected over five hours into 1 ml of 10% 
mercurithiosalicylate as preservative. Urinary 
sugars were determined by thin layer chroma- 
tography and scanning densitometry. 32 The 
assay is sensitive, has 95% recovery, and a 
coefficient of variation of 2-8%. 33 34 

This test assesses several small intestinal 
transcellular functions and paracellular integ- 
rity. 3-o-Methyl-D-glucose is absorbed by 
active carrier mediated process, D-xylose by a 
passive carrier mediated process, and 
L-rhamnose by a non-mediated transcellular 
transport system. Lactulose on the other hand 
permeates selectively across the paracellular 
junctions of the adjacent enterocytes. 51 35 The 
differential urinary excretion of lactulose /l- 
rhamnose provides a specific index of intestinal 



of two parameters," haemorrhagic and erosive 
lesions in the stomach and duodenum, was 
assessed along a linear 150 mm scale. Haemor- 
rhagic lesions ranged from the presence of a 
few single petechiae to profuse bleeding in the 
stomach or duodenum, and erosive lesions 
from one erosion to frank ulceration. 

The washout period was extended for up to 
four weeks if gastroduodenal damage had not 
returned to normal by the beginning of period 
2. At each endoscopy, the presence of Helico- 
bacter pylori was determined by the rapid urease 
• acuvity-assay-(GE^-test)-and-iri- four-biopsy 
specimens, two each from the antrum and cor- 
_ pus-by_.histology.. All. samples_were stainedAvitiL 
haematoxylin and eosin^ a cresyl fast violet 
stain for H pylori, and Gomori's aldehyde 
fuchsin to identify intestinal metaplasia. 

Gastritis was assessed according to a modi- 
fied Sydney system 30 which consists of a simple 
scoring system: absent=0, minimal=l, mild=2, 
moderate=3 3 and severed. The parameters 
scored were those associated with H pybri, 
chronic inflammation, acute inflammation, 
atrophy, and metaplasia. The highest possible 
total score was 20 for the antrum or corpus, but 
any score above 0 was regarded as abnormal. 



^permeabUity^(-intestinalrbarHer^ranetion)T-^ms: ~ 
permeability index is quite specific for mucosal 
function and is not significantly altered by pre- 

irig, bacterial degeneration, etc) or post- 
volume of distribution, renal function, etc) 
mucosal factors that can effect urinary excre- 
tion of these markers following ingestion. 3 ' 35 

INTESTINAL INFLAMMATION 

Twenty three subjects in Iceland provided a 
stool specimen for measurement of calprotec- 
tin concentration (a non-degraded, neutrophil 
specific marker) on the same day as the intesti- 
nal absorption-permeability test. Samples of 
stool (20 g) were frozen and stored at -20°C. 
After-mawifigr5 g-aliquots were-susperided-in 
10 ml of faecal extraction buffer (Tris buffered 
-isotoruc-C15D.jnM).saline,.1.0-mM-CaCi 2 ,-and-- 
0.25 mM thiomersal as antimicrobial agent 5 
pH 8.4) and homogenised for one. minute with 
an Ultra Turrax (Ika Werke, Germany) mech- 
anical homogeniser. The homogenates were 
centrifuged at 1 0 000 g at +4°C. The top halves 
of the supernatants were pipetted off, frozen, 
and stored at -20°C until quantitation by 
EUSA. 36 37 

The normal range of faecal calprotectin 
excretion and concentration was established in 
53 healthy volunteers (30 males, median age 36 
years (range 18-60)) and in 36 patients with 
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irritable bowel syndrome (ID men, median age 
34 years (range 28-54)). Normal median 
calprotectin concentration was 3 mg/1 with an 
upper limit (98% confidence limit) of i 1 mg/1. 

EFFECT OF DRUGS ON COX-1 AND COX-2 ACTIVITY 

The effect of nimesulide and naproxen on 
COX- 1 and COX-2 was assessed by several 
methods. Platelet aggregation and gastric 
mucosal PG generation were assessed in 13 
Irish volunteers as a parameter of a COX-1 
dependent process both before and during 
treatment with nimesulide and naproxen. In all 
36 subjects, serum TXB, (reflecting COX-1 
activity) 25 and lipopolysaccharide (LPS) in- 
duced PGE 2 synthesis (reflecting COX-2 
activity) 38 in whole blood was measured both 
before and during treatment with nimesulide 
and naproxen. 



dependent), adenosine diphosphate (ADP) 10 
uM (partly TXA 2 dependent), and thrombin 
receptor activator peptide (TRAP) 20 uM 
(TXAj independent). The response was deter- 
mined as maximum platelet aggregation at four 
minutes. 

COX-2 INHIBITION 

COX-2 activity was assessed by estimation of 
LPS induced PGE 2 formation in whole blood." 
For analysis of PGE 2 , 5 ml of whole blood were 
added to a tube containing a final concentra- 
tion of aspirin 200 uM (to inactivate any COX 
activity) and LPS 1 ug/ml (to induce COX-2 
expression) in water and incubated at 37°C for 
24 hours. Samples were centrifuged for 10 
minutes at 900 g and plasma stored at -20°C 
until analysed by ELISA (Assay Design), as 
described above. 



GASTRIC MUCOSAL PROSTANOID SYNTHESIS 

Prior to and on day 15 of treatment with 
nimesulide and naproxen in the 13 volunteers 
studied in Ireland, antral mucosal biopsies 
were obtained for determination of PGs (PGE 2 
and 6-keto PGF |Q , a metabolite of prostacyclin 
(PGI 2 )). Antral biopsies were incubated at 
37°C for 45 minutes in 250 ul of phosphate 
buffered saline and the supernatant stored at 
-20°C for subsequent analysis. PGE 2 was 
measured by enzyme immunoassay (EIA) 
(Assay Design, Ann Arbour, Michigan, USA). 
The lower limit of detection of this assay is 36.2 
pg/ml and cross reactivity-is PGE, 70% and 
PGE, 16.3%. Cross reactivity with other 
eicosanoids is negligible. PGI : was determined 
as its hydrolysis product, 6- keto-PGF ltl (Assay 
Design). The sensitivity of this method is 1.4 
pg/ml, and the cross reactivity with 2,3 dinor 

compounds. After analysis, total protein in 
each biopsy tissue was assessed (Bio-Rad DC, 



PLASMA DRUG LEVELS 

Plasma naproxen and nimesulide levels were 
determined one and two hours following 
administration of the last dose, corresponding 
to peak plasma drug levels. Plasma naproxen 
levels were determined by fluorometric detec- 
tion following liquid-liquid extraction on the 
Merck-Hibar Lichrosorb RP18 using a mobile 
phase of 0.05 M phosphate pH 3 buffer, 
methanol, and acetonitrile acid (50/25/25 
v/v/v). The limit of sensitivity was 0.5 ug/ml. 
Plasma nimesulide was determined by high 
performance liquid chromatography with UV 
detection. The limit of detection was 0.01 
ug/ml. 

STATISTICAL ANALYSIS 

The sample size was determined for the 
primary outcome measure, the modified Lanza 
5eo5£B^ 

score would increase above 1 in 65% of 
naproxen treated subjects-arid in 25% of those 



^Her-tfottishtre— 



expressed as ng/m^ protein! ' 

SERUM THROMBOXANE SYNTHESIS 

For serum TXB 2 , 5 ml blood samples were 
taken prior to treatment and on days 3, 10, and 
day 15, one hour after dosing, placed in 
non-silicpnised glass tubes pre warmed to 37°C 
and incubated at this temperature for one hour. 
Serum was separated and stored at -20°C until 
analysis by ELA (Assay Design). 25 The sensitiv- 
ity of this method is 8 pg/ml, while cross reac- 
tivity is 7. 1 % with 2,3-dinor-TXB 2 and negligi- 
ble wim-omer compounds:* - 

PLATELET. FUNCTION . . . _ 

Platelet aggregation was evaluated in 13 
subjects. Blood was obtained in 3.2% sodium 
citrate (9:1 v/v) predose, and on days 3 and 10 
of treatment, at a time (1-2 hours following the 
morning dose) corresponding to peak plasma 
drug levels. Samples were centrifuged at 190 g 
for 15 minutes to obtain platelet rich plasma 
and at 900 g for a further 10 minutes to obtain 
platelet poor plasma. Platelet aggregation was 
assessed by light transmission (BioData PAP 4, 
Malvern, Pennsylvania, USA) in response to 
arachidonic acid 0.33 mM (entirely TXA2 



for two paired" groupanilylirwas used to com- 
pute sample sizes. The rate of subjects giving 
different results in different periods (rate of 
switchers) was estimated by computing the 
probability of remaining normal (Lanza ^1) 
on nimesulide and abnormal on naproxen and 
vice versa and was 57%, Using a two sided test 
difference, we estimated that at least 29 
subjects would be required (a=0.05, (3=0.1). 
Statistical analysis was on a per protocol basis 
as the design was crossover. A crossover analy- 
sis was performed taking in the baseline values 
and-the -final-val ues-fef-eaeh periodr- •-- 

For the Lanza score data, two analyses were 
...performed.... A„categorical_analysis„ was. .per- . 
formed where individuals were denned as nor- 
mal (Lanza score ^1) or abnormal (Lanza 
score >1). The number of subjects belonging 
to the four categories of possible (binomial) 
results (normal on naproxen but abnormal on 
nimesulide; normal on nimesulide but abnor- 
mal on naproxen; normal on both; abnormal 
on both) was assessed by the McNeraar x 2 test. 
In addition, the raw Lanza scores, VAS, and 
biochemical analyses were analysed using a 
Koch 39 test. Only the results from the analysis 
of treatment effects (which uses the Wilcoxon 
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matched pairs test) are presented here. As 
non-parametric tests have been used for statis- 
tical analysis, medians are presented through- 
out, although mean and standard errors are 
also presented for biochemical results. Fried- 
man analysis for multiple comparisons within 
treatments has been used to identify changes 
from baseline for the naproxen and nimesulide 
groups separately. 



Table I Gastric damage scores (modified Lanza score): comparison of treatment effects of 
nimesulide and naproxen, and comparison of responders (Lanza scare 0, 1) and 
non-responders (Lanza score >1) 



Nimesulide 



Lanza score * 



Total 
naproxen 



Naproxen 
0 
1 

2 
3 
4 

Total nimesulide (%) 



3 
2 
5 
8 

2 

20 (57%) 



0 
0 
1 
3 
1 

5(14%) 



1 

0 
2 
5 
1 

9 (26%) 



0 
0 
1 
0 
0 

1 (3%) 



0 
0 
0 
0 
0 

0 (0%) 



4(11%) 
2 (6%) 
9 (26%) 

16 (46%) 
4 (11%) 

35 



A nalysis of respondent 


Nimesulide 




Responder (0, I) 


Non-responder (2, 3, 4) 


Naproxen 






Responder 


5 


1 


Non-responder 


20 


9 



McNemar test: p<0.00l (two sided). 

'Modified Lanza score: 0, normal; 1, erosion or submucosal haemorrhage; 2, 2-10 erosions or 
submucosal haemorrhages; 3, >10 erosions or submucosal haemorrhage; 4, ulcer. 
fResponder is a Lanza score of 0 or 1 ; a non-responder is a Lanza score of > 1. 

Table 2 Duodenal damage scores (modified Lanza score): comparison of treatment effects 
of nimesulide and naproxen, and comparison of responders (Lanza score 0, 1) and 
non-responders (Lanza score >l) 



Nimesidide 



Lanza score * 



- Total-: ~t~ 
naproxen 



Naproxen 

1 

2 
3 
4 

Total nimesulide (%) 



-15 
3 
6 
3 
1 

28 (80%) 



0 
1 

0 
0 

4(11%) 



0 

1 

0 
0 

2 (6%) 



0 



Results 

Twenty four males and 12 females were 
recruited from the two centres. Demographic 
details and outcome measures were similar for 
the two centres and hence data from the two 
sites are presented jointly. The average age of 
subjects was 48 years (range 39-67). One male 
subject developed severe gastric damage at the 
end of the first treatment period where he had 
received naproxen, and as there was persistent 
ulceration four weeks later he was withdrawn 
from the study. As statistical analyses for 
crossover designs require patients to attend for 
more than one treatment period, this patient 
was omitted from these statistical analyses. 
Unless otherwise stated, data from. 35 patients 
have been used for analyses. 

ENDOSCOPIC EVALUATION 

The results of the grading of gastrointestinal 
damage on the modified Lanza scale are shown 
in tables 1 and 2. One subject in the nimesulide 
group developed multiple (>I0) gastric ero- 
sions and a separate subject developed a 
duodenal ulcer. By comparison, in the 
naproxen group, 16 developed multiple gastric 
erosions, four developed a gastric ulcer, three 
developed multiple duodenal erosions, and one 
a duodenal ulcer Considering the main 
variable (rate of responders), the McNemar £ 2 
test (two sided) analyses of patients categorised 
as normal (Lanza score *Sl) or abnormal 
(Lanza score >1) showed that nimesulide was 
better tolerated than naproxen (p<0.001 in the 
stomach and p=0.039 in the duodenum). 
Examining the raw scores, the median treat- 
ment difference was -2 due to worse scores 
with naproxen. For the VAS (table 3, fig 1) of 
haemorrhagi c lesions in the stomac h, scores 
- \vere-greater-4wor-se)»w^^ ' 
50) compared with nimesulide (median 0). 
The difference between treatments was signifi- 



o 
o 

0 

0 (0%) 



0 
0 
0 
*0 
1 (3%) 



-20^57%)-^ca^t-(p<OT9ei r ^ Ko eiHBStrlwQ s i ded 



4 (11%) 
7 (20%) 
3 (9%) 
1 (3%) 
35 



Analysis of responders f 


Nimesulide 




Responder (0, I) 


Non-responder (2, 3, 4) 


Naproxen 






Responder 


22 


2 


Non-responder 


10 


1 



McNemar test: p<0.001 (two sided). 
. 'Modified. Lanza -score: 0, nonnal;..l,-erosion-or-Submucosal-haemorrhage;-2, .2^10. erosions or 
submucosal haemorrhages; 3, > 10 erosions or submucosal haemorrhage; 4, ulcer. 
fResponder is a Lanza score of 0 or I; a non-responder is a Lanza score of >1 . 



Table 3 Gastric and duodenal damage score ( visual analogue score): comparison of 
treatment effects of nimesulide and naproxen (mean (SEM) and [median}) 



Type VAS 


Nimesulide 




Naproxen 




Nap-Nim 




p Value* 


Stomach 
















Haemorrhage lesions 


14.0 (3.8) 


(0) 


40.6 (6.0) 


(50) 


26.5 (6.5) 


(12) 


<0.001 


Erosive lesions 


9.2 (2.9) 


(01 


61.7 (7.8) 


[52J 


52.5 (7.3) 


(51) 


<0.00l 


Mucosal injection 


24.8 (4.2) 


(25) 


47.9(3.8) 


[48) 


23.1 (5.2) 


[221 


<0.001 


Duodenum 












Haemorrhage lesions 


5.3 (3.0) 


[0] 


11.5 (4.3) 


(01 


6.2 (4.5) 


(01 


0.165 


Erosive lesions 


5.5 (4.3) 


(01 


15.3(5.7) 


(01 


T.9 (7.5) 


[01 


0.181 


Mucosal injection 


9.2 (2.8) 


(01 


22.5(3.9) 


[21] 


13.3 (4.2) 


(11 


0.038 



*Koch test for difference between nimesulide and naproxen. 



resu 1 1 was" eviHerit for erdsTvenisionT in Ihe 
stomach (p<0.001), mucosal injection in the 
stomach (p<0.001), and mucosal injection in 
the duodenum (p=0.038). No treatment differ- 
ences were evident when comparing haemor- 
rhage or erosive lesions in the duodenum. 
Comparison, of . Lanza^. scores, for duodenal 
mucosal damage showed no difference (both 
median scores were zero, as was the median 
treatment difference). 

Histological examination of the gastric biop- 
sies showed that 19 of the 36 analysed subjects 
were posiuve-f6r-/f-p^an pribr-to-nhe~ first 
treatment. This was found not to affect the 
baseline. .Lanza. scores._as ..the _mean_ stomach, 
score (averaged over the results for both treat- - 
ments) was similar regardless of H pylori status 
(positive patients, mean 0.05 (0.05), median 0; 
negative patients, mean 0.29 (0. 1 1), median 0). 
Moreover, the presence of H pylori did not 
influence the response to treatment. 

INTESTINAL ABSORPTION-PERMEABILITY AND 
INFLAMMATION 

Table 4 shows the results of the combined 
absorption-permeability tests. Neither treat- 
ment altered the absorption parameters (uri- 
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Figure 1 Comparison of tlie effects of nimesulide and 
naproxen on visual analogue scores (VAS) at endoscopy of 
the upper gastrointestinal tract before and during treatment 
with nimesulide 100 mg twice daily or naproxen 500 mg 
twice daily. Data are shown as mean (SEM). ***p<0.001 
between treatments. 



nary excretion ., of 3-o-methyl-o-glucose, 
D-xylose, L-rhamnose). Naproxen increased 
intestinal permeability as reflected by an 
increase in the differential urinary excretion of 
lactulose/L-rhamnose, whereas nimesulide had 
no such effect; however, the treatment differ- 
ence was not statistically significant on day 10. 

INTESTINAL INFLAMMATION 

the faeces of 23 subjects as*a marker of intesti- 
nal inflammation. The change from baseline to 
=da^O-showed^^sigiiinGanutreatmen^effeet- 



(p=0:03): Nimesulide had no effect over the 10 
days (6.1 (2.3) mg/1 (range 0.5-55.0) v 6.9 
(1.3) mg/1 (range 0.5-25)) whereas naproxen 
increased calprotectin excretion (5.5 (1.2) mg/1 
(range 0-25) v 12.1 (2.1) mg/1 (range 0-43)). 

mO^ANOIDS . GENERATION 

PGE, and PGI 2 (measured as 6-keto PGFJ 
generation by gastric biopsy was similar to that 
reported previously. 40 Generation of both 
products was markedly reduced by naproxen 
but not by nimesulide and there was a 
sighificaiit difference-— between treatmerits- 
(p<0.01) (fig 2). Serum TXB 2 was markedly 
.. i n h ibited. b.y-naproxen >> falling.by,9.8.%. through^ 
out-the treatment period. For nimesulide, there- 
was a small decrease from baseline to day 3 




Predose 



Day 14 



300 




Predose 



Day 14 



Figure 2 Comparison of the effects of nimesulide and 
naproxen on generation of prostaglandin (PG) E, (A) and 
6-keto-PGF tQ (B) by gastric biopsies incubated at 37°C for 
45 minutes before and during treatment with nimesulide 
1 00 mg twice daily or naproxen 500 mg twice daily. Data 
are shown as mean (SEM). p<0.0l between treatments. 

(273 (13) v 180 (15) ng/ml) which resulted in 
an average decrease of 29% throughout the 
treatment period (treatment effect was 

Ip5P:0 0 Oo0^cHangeTn r ofnJ baseline, foldayl 
10) (fig 3A). LPS induced ~PGE, "in plasma, 
which reflects GOX-2 activity, was-evaluated in 

.^a-subjeets^Plasma^GE^decreased^y-T^o- 
on naprolcel^"lesTtJian"the*93%" reduction seen 
with nimesulide (p=0.053 for the change from 
baseline to day 10) (fig 3B). 

PLATELET AGGREGATION 

A total of 1 3 patients were analysed for platelet 
aggregation, although due to missing data, 
values from 7 to 12 patients are available when 
changes from baseline are considered. Figure 4 
shows that arachidonic acid induced platelet 
aggregation, which is dependent on COX-1 
mediated TXA ; formation, was largely unaf- 
feeted -by nimesulider In-eontrast; there- was 
marked suppression of arachidonic acid in- 
duced„platelet_aggregation_thro.ughout admin- 
istration of naproxen. (Friedman analysis 
p<0.001 on days 3, 10, and 15). Treatment 



Table 4 Intestinal absorption and permeability before and after nimesulide and naproxen (mean (SEM) and [median}) (n-23) 



Test substance 


Nimesulide 


w — 


Naproxen 




Nint-Nap 
Day 10 


p Wue* 


Baseline 


Day 10 


Baseline 


Day 10 


3-o-m-D-glucose (%) 


46 (2.9) [45] 


41 (2.2) [44] 


46 (2.2) [47] 


41 (2.4) [42] 


-0.0 (2.8) [-1.2] 


0.8328 


D-xylose (%) 


28(1.5) [28] 


27(1.2) [26] 


29 (1.3) [30] 


27 (1.6) [28] 


-0.4 (2.0) [-2.8] 


0.9410 


L-rhamnose (%) 


8.4 (0.5) [8.5] 


8.0 (0.4) [8.0] 


9.0 (0.7) [9.5] 


8.8 (0.7) [8.4] 


-0.8 (0.7) [-0.8] 


0.5658 


Lactulose/L-rhamnose 


0.028 (0.0) [0.023] 


0.027 (0.0) [0.029] 


0.032 (0.01) [0.025] 


0.042 (0.01) [0.034] 


-0.015 (0.01)* [-0.007] 


0.1070 



*Koch test, treatment effect. 
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Figure 3 (A) Comparison of the effects of nimesulide and 
naproxen on serum thromboxane B 2 (TXBj) (a measure of 
COX-1 activity) before and during treatment with 
nimesulide 100 mg twice daily or naproxen 500 mg twice 
daily. Data are shown as mean (SEM). Naproxen had a 
greater effect on serum TXB 2 (p<0. 001 for comparison 
between treatments to day W), Note that nimesxdide 
reduced serum TxBj on average by 29% from baseline 
(p<0.0l) and that both drugs markedly reduced plasma 
PGE y (B) Plasma prostaglandin (PG) E : (a measure of 
COX-2 activity). Nimesulide had a slighdy greater effect 
on plasma PGE, =0.053 for comparison between 
treatments to day 10). 



C TRAP 



_ diffecences^(frQm_baseliae)_wei:e. analysed on 
~^ay-^W"ffia ?f: shbvved a ~ sighificanf "(p-0 :048) 
effect. Platelet aggregation to ADP, where the 
s econdary wave of aggregg tj on is TXA 2 de- 
pendent,... was not. -Significantly 
nimesulide but was inhibited by naproxen 
(p<0.01 days 3 and 15). No significant 
treatment differences were evident on day 10. 
Nimesulide had no effect on TRAP induced 
platelet aggregation, which is independent of 
TXAj formation. Similarly, TRAP induced 
platelet aggregation was largely unaffected by 
naproxen, although a small degree of inhibition 
was noted on day 15. No treatment difference 
was evident on day 10. ~ 

PLASMA LEVEL OF NIMESULIDE AND NAPROXEN 

FoilowinfThTlast dose, piasTnXconcentxations ' 
of nimesulide were 5.4 (0.4) (range 0.13-1 1.4) 
ug/ml-at-one-hour-and-S ,5-{0r5)-(range 3-. 1 -8 2) 
ug/ml at two hours, falling to 4.2 (0.3) (range 
1.2-7.8) at four hours. Corresponding 
naproxen plasma levels were 70 (4) (range 
22-110), 86 (4) (range 20-127), and 6.4 (2) 
(range 18-91) ug/ml. Plasma concentrations 
fell to undetectable levels for both drugs within 
48 hours of discontinuation. 

Discussion 

Gastric and small intestinal damage is common 
in short and long term users of NSAIDs. 
NSAID induced gastroduodenal ulceration is 




-Baseline 



-Day 3 



Day-10- Day 15 

Figure 4 Comparison of the effects of nimesulide and 
_ _ _ _ _ naproxen on platelet aggregation to arachidonic acid (A), 

4 L y activator peptide' (TRAP)- (€) before- and during treatment 
with nimesulide 100 mg twice daily or naproxen 500 mg 
twice daily. Data are shown as mean (SEM). **p<0.01, 
* * *p<0. 001 for changes from baseline; fp =0. 048 for 
comparison between treatments. 



associated with life threatening bleeding or 
perforation in an estimated 1 in 5000-20 000 
prescriptions. 4 ' NSAID induced enteropathy 
may manifest as iron deficiency anaemia, 
hypoalbuminaemia due to protein loss, 10 and 
rarely as small and large intestinal strictures. 42 
The mechanism of NSAID induced injury is 
thbughtnoreflectratleast-m-part;-iruTibition*of 
cyclooxygenase and loss of cytoprotective 
prostaglandins,., although, .a. direct, "topical, 
effect" may also play a role. 5 

Here, we examined the degree of gastroduo- 
denal and small intestinal injury with 
nimesulide, a relatively selective COX-2 inhibi- 
tor during short term administration of the 
drug. Short term studies are thought to over 
represent erosive damage by NSAIDs com- 
pared with long term studies. However, they 
are suitable for the purpose of examining the 
effect of inhibiting COX as they avoid the con- 
founding effect of "adaptation" whereby the 
damaging effects of COX inhibition is over- 
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come in time. The range and prevalence of the 
gastroduodenal damage by naproxen was in 
keeping with that previously described. 4 *"* 45 By 
comparison, gastric damage with nimesulide 
was significantly less and 71% of patients 
remained within Lanza 0-1. This degree of 
gastric tolerability was similar to that described 
with the highly selective COX-2 inhibitors 
celecoxib 46 and rofecoxcib. 4 ' 

As reported previously-with NSAIDs/ 4 45 
duodenal damage was less marked than gastric 
damage and again was significandy less with 
nimesulide that naproxen. Nevertheless, a 
duodenal ulcer was found in a single subject on 
nimesulide who was positive for H pylori. 
Parenthetically, H pylori infection had no 
synergistic effect on damage caused by either 
drug in this study although this has been 
reported previously. 48 

Increased permeability of the small intestine 
has been documented wittf* most conventional 
NSAJDs. 5 31 In this study, nimesulide failed to 
alter intestinal permeability, in keeping with 
animal studies. 49 In contrast, naproxen in- 
creased intestinal permeability, as shown previ- 
ously in humans. 30 To date, all NSAIDs that 
increases intestinal permeability are associated 
with a high prevalence (40-65%) of NSAID 
enteropathy, measured as excretion of calpro 
tectin. 51 Not surprisingly then, naproxen but 
not nimesulide increased intestinal inflamma- 
tion. Although it has been suggested that 
inflammation may be delayed for six months, 52 
it has been reported earlier, 53 in keeping with 
our study. 

The improved gastrointestinal tolerability of 
nimesulide is consistent with its relative 
COX-2 selectivity and maintenance of gastric 
p i ros taglandin ; fqrm atid - 
trie COX activity, we examined generation of 
PGs in gastric mucosal biopsies. Nimesulide 
-did-not^ltei^omiadQn^oteither^EGE^or^GI,^ 
in* the'stofflach; ~PGE 2 ~is the major product" of 
gastric epithelial cells. 19 However PGE 2 is also 
generated by platelets so that any inhibitory 
effect of an NSAID could be due to inhibition 
of platelets contaminating the biopsies. To 
address this issue, we measured 6-keto PGF, a , 
a metabolite of PGI ? . PGI ? is generated by 
nucleated cells, such as gastric epitheiiai and 
vascular endothelial cells. 54 Naproxen inhibited 
both products whereas nimesulide had little 
effect on gastric PGE 2 or~6-keto-PGF )a at a 
time when there were substantial levels of the 

drug-in -blood-: 

Studies in whole blood allowed us to 
compare .the_relauyeAelectivjtypf_^ 
pounds for the COX isoforms. Serum TXB 2 , a 
measure of COX-1 activity of platelets, 21 is 
highly sensitive to inhibition as platelets are 
incapable of regenerating new enzyme. 
Nimesulide inhibited serum TXB 2 by about 
30% over the period of the study, as has been 
reported with the highly* selective COX-2 
inhibitor celecoxcib. 55 However, it is unlikely 
that this modest effect would alter haemostatic 
function, as very marked (>95%) inhibition of 
platelet COX- 1 is required to suppress platelet 
aggregation. 56 Indeed, platelet aggregation to 



arachidonic acid and ADP, which is TXA^ 
dependent, was preserved. 

As a marker of a COX-2 effect, we used an 
assay developed by Panaro and colleagues 38 in 
which COX-2 in monocytes is induced by 
LPS, resulting in PGE 2 formation. Both drugs 
suppressed PGE 2 formation resulting from 
LPS treatment. This relative selectivity of 
nimesulide for COX-2 demonstrated in vivo is 
consistent with the selectivity seen in vitro at 
peak plasma levels achieved (-18 uM and 98% 
protein bound). 27 

In summary, nimesulide causes less endo- 
scopic and functional evidence of gastro- 
intestinal injury compared with naproxen. This 
is consistent with our findings showing that 
nimesulide is a selective COX-2 inhibitor in 
vivo, with little effect on haemostatic function 
or gastric prostaglandin formation. A critical 
issue is whether the short term endoscopic 
benefits seen with a selective COX-2 inhibitor 
such as nimesulide translate into a more long 
term benefit, particularly a reduction in bleed- 
ing and perforation. In addition, it remains to 
be seen if an anti-inflammatory effect will 
ensue from COX-2 inhibition alone, in that 
COX-1 has been implicated in some models of 
inflammation. Indeed, in a mouse model of 
inflammation, Wallace and colleagues reported 
a significant reduction in inflammation with 
nimesulide but only at doses that also inhibited 
COX- 1. 57 
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The objective was to devise an animal model of myocardial infarction (Ml) against which car- 
dioprotective drugs might be tested. We describe the effects of nimesulide, a COX experience 
with development and' validation of such a model. The rabbit was chosen in preference to 
rodents because its heart and cardiac circulation more closely resemble those of human. 
Thus, the cardiovascular system of anaesthetized male rabbits, 1 to 1.5 kg (n=11), was 
stressed by a single bolus intravenous injection of isoprenaline (ISP), 65 mg/kg. The effects of 
the injection were followed for sixteen days and were evaluated in four ways: 1) measure- 
ments of creatinine kinase isozyme and troponin-l (TPI) in serum 2) Electrocardiographic 
(ECG) changesJST elevation and Q wave development) 3) Card[ac_hjstgpathology observed 
in tissue sections of the isolated of the heart. The histbpathological analysis showed that rab- 
bit heart on 2nd day after ISP injection showed changes of coagulation necrosis. Day 4 total 
coagulation with the loss of nuclear and striation associated with heavy interstitial infiltrate of 
neutrophils was found- Day 8 after infarction showed collagen deposition with capillary chan- 
nels in between the remaining islands of myocytes in the infarcted area. On the 16th day scar- 
ring was complete. Coronary perfusion rates (CPR) and heart rate (HR) of the infarcted and 
nimesulide (a COX-2 inhibitor) treated rabbits displayed significant improvement (n=11) on 
each corresponding day afte r infarc tion as compared to the infarcted and saline treated rab- 
bfts^(P<0:05): AirfoarindicesTe^ 
humans. 



Key words: Isoprenaline (ISP), Troponin I (TPI), Creatine Phosphokinase (CPK), Electrocar- 
diography (ECG), Histopathology, Coronary perfusion rates (CPR) 



INTRODUCTION 

The development of cyclooxygenase-2 (COX-2) inhibitors 
as anti-inflammatory agents without gastric toxicity is 
based on the fact that COX-1 predominates in stomach 
yielding cytoprotective prostaglandin E2 (PGE-2), while 
- GQX -2 i s^ induced -i n i nfe mmati o n ^giyjng^se^ta-pain r 
swelling and discomfort (Mukerjee, 2002). The fact that 
COX-2 is an inducible enzyme particularly associated with 
inflammation led to the development of selective COX-2 
inhibitors that offer comparable efficacy and fewer 
unwanted side effects attributable to COX-1 inhibition, 
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gastric ulceration in particular (Bombardier et a/., 2000; 
Silversteih etaL, 2000). Gastrointestinal safety of selective 
COX-2 inhibitors, however, may come at the cost of 
increased cardiovascular events, as suggested by the 
VIGOR trial (Mukerjee et a/., 2001 ). 

The available clinical data with COX-2 inhibitors 
-pertaining^eaFdievaseulapend^ 
recently (Mukerjee et ai, 2001). This data suggests the 
risk of cardiovascular events associated with the use of 
COX-2 inhibitor when used for arthritis. Studies performed 
by Duffy etaL (1999) have defined the relative roles of 
vasodilator prostaglandins in patients with atherosclerosis. 
In these studies, vasodilator prostaglandins were demon- 
strated to mediate metabolic vasodilatation and flow- 
mediated vasodilatation in response to rapid cardiac pacing 
in patients with atherosclerosis (Duffy ef a/., 1999). At the 
other extreme is the possibility that COX-2 antagonists may 
serve to improve vascular health and retard atherosclerosis. 
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Studies have shown that COX-2 is widely expressed in 
atherosclerotic lesions and may colocalize with inducible 
nitric oxide synthase and nitrotyrosine within macrophages 
(Baker et a/., 1999). Some studies show that short-term 
treatment with the COX-2 specific inhibitor rofecoxib and 
the nonselective COX antagonist naproxen does not impair 
endothelium-dependent or -independent vascular function 
in healthy volunteers. However, the role of COX-2 during 
experimentally induced ischemia is still unclear. In the 
present investigation we studied the anti-ischemic effects 
of nimesulide-a COX-2 inhibitor, in rabbits subjected to 
isoproterenol (ISP), an important a agonist. In this model 
the acute phases of myocardial necrosis and repair 
mimicked those, which occurred in humans (Saeed et al, 
1998). We have used nimesulide as a COX-2 inhibitor in 
our study. 

METHODS AND MATERIALS 

Male rabbits 1 to 1.5 kg were housed for at least 7 days 
before an experiment in the Animal Unit of HEJ Research 
Institute of Chemistry, University of Karachi. They were 
fed a standard rabbit- chow with water freely available ad 
libitum. 

Rabbits were divided into three groups of ten animals 
each. One group consisted of normal rabbits, second 
group consisted of infarcted rabbits treated with saline 
and the third group consisted of infarcted rabbits that were 
treated with nimesulide (a COX-2 inhibitor). All infarcted 

7aBbits"7eceived 7iim^ir<fe~25TTig^ 
every day, up to and including the day of sacrifice. Experi- 

nTients-wemnserfbn^ 
infarction. 

On day two of experiment after taking the electrocar- 
diographic (ECG), the blood samples for enzyme assays 
were obtained from the marginal ear vein. The rabbits 
were sacrificed and hearts removed and used for histo- 
pathological studies. After Langendorff study, the hearts 
were subjected to histological studies. 

Myocardial infarction (Ml) 

— Irv^e^presenUstady^Ml^was-induced^by-a^singler-- 
parenteral dose of beta-adrenergic agonist, ISP (65 mg/ 
kg). For many years the main technique for producing Ml 
in animals was to manually occlude with a silk suture the 
anterior descending coronary artery of the anesthetized 
rat A recent method calls for a single large parenteral dose 
of the fj-adrenergic agonist, isoproterenol. (Saeed et al, 
1998). The advantages of isoproterenol-induced infarction, 
which occurs as a result of intense ionotropic and 
chronotropic actions of isoproterenol compared to physical 
occlusion of coronary artery, are; 
(1) Production of experimental Ml with (3-adrenerrjic agonist 



is by comparison, less invasive and accomplished 
without the complicating factor of general anesthesia. 

(2) No foreign body (suture) remains on or in the heart. 

(3) Reperfusion is possible after isoproterenol since there 
is no permanent overt occlusion. 

(4) Reported survival rates with isoproterenol are better 
than after vessel occlusion. 

Enzyme levels 

1. Troponin I (TPI) was analyzed using IMMULITE Turbo 
Troponin I Analyzer (Adams et al., 1993). Samples 
were loaded on bar-coded sample cup and then 
placed onto a load platform. We then loaded the bar- 
coded test units. Pressed "GO" and the test units were 
conveyed to the analyzer for bar-coded identification 
and then moved on to a main incubation carosel. The 
pipetter added sample and reagent and the test units 
were incubated at 37°C at 16 minutes. The test units 
were shuttled to the spin/wash station, where bound 
and free labels were separated. Substrate was then 
added and the test units were then transferred to the 
luminometer chain. 10 minutes incubation at 37°C 
began which caused the signal to reach maximum 
limits. The photon count was measured with a photo 
amplifier tube. 

2. Creatine phosphokinase (CPK) reagent was used to 
measure the CPK activity by an enzymatic rate 
method (Rosalki, 1967). The SYNTRON CX System 
automatically proportions the appropriate sample and 
reagent volumes intirthe" cuvetterThF ratioh~used~i3 
one sample to 20 parts reagent. The system monitors 

— the*ehangeHn^bsertenee^t^46=nafwnetersHFhis-= 
change in absorbance is directly proportional to the 
activity of CPK in the sample and is used by the 
SYNf RON CX system to calculate and express creatine 
phosphokinase activity. Similarly blood for CPK was 
also drawn at 0, 4, 10, 16 and 28 h after isoproterenol 
injection from the marginal ear vein of the rabbit. 

Electrocardiography (ECG) 

ECG was obtained using modified Einthoven system. 
-One lead eaeb^pla<^-OvarJheji§bt:aDdJeftii^-cage^.— 
an indifferent lead on the left lower leg. Lead I to record 
potentials across the thorax, positive on the left and 
negative on the right. Lead II from the right thorax to the 
left leg has a negative to positive polarity. 

Histo pathology 

Rabbits were killed; chest cavities opened and hearts 
were removed. After carrying out the Langendorff experi- 
ment, hearts were fixed in 10% buffered formalin. After 
proper fixation, the hearts were measured, bisected and 
entirely submitted into two cassettes. Tissue processing 
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was done by routine methodology. After processing, the 
tissues were embedded in paraffin using the histocentre 
from Shenden. 3-5 urn thick sections were cut by MiCtotom 
AS 325 from Shenden and stained with hematoxylin and 
eosin (H & E). Selected sections were stained with 
trichrome and interpreted under an Olympus BX 50 
microscope. 

Langendorff isolated heart preparation 

Coronary perfusion rate (CPR) was measured using 
Langendorff isolated heart preparation (Langendorff, J 985). 
Rabbits were killed by cervical dislocation and heart 
removed rapidly and placed in oxygenated Krebs Hansliet 
Solution (KHS). The pericardium was removed; a segment 
of aorta left attached. Residual blood , was removed by 
massaging the heart in KHS. The heart was then trans- 
ferred to the Langendorff apparatus (Bioscience Kent, 
UK.) where it was tied to a glass cannula. KHS warmed at 
37°C and bubbled with 95% oxygen and 5% carbon 
dioxide was passed from an elevated reservoir at a con- 
stant pressure of 60 cm of water. This pressure causes 
the aortic valve to close, but permits the perfusate to enter 
the coronary circulation.- When perfusion- established,- the 
heart began to beat to beat spontaneously. We let the 
heart stabilize till the contractions became rhythmic 
(usually 30 minutes). 

Statistical analysis was done using one-way ANOVA 
followed by Bonferroni test for selected pair of groups. 
Difference^lA^"^nsiaered sipifi^m^wfTen^proBability 
(p) was <0.05. 



RESULTS 

The~results-of -the. enzymes levels are-shown~inFig. 1A 
arid 1 B. To confirm that Ml had occurred bylSR bloWfor 
troponin I was drawn at 0, 4, 10, 16 and 28 h after ISP 
injection from the marginal ear vein of the rabbit. The 



results with TPI and CPK obtained show a continuous 
increase in the serum level of the enzyme which is 
suggestive of Ml. This confirmed that Ml had taken place 
in the rabbits. 

The results of ECG also demonstrate (Fig. 2) that Ml 
had occurred. ECG taken after ISP injection showed ST 
wave elevation and development of Q wave was also 
found. These findings further confirmed that infarction had 
taken place in the rabbit heart. 

Photomicrographs of the rabbit heart muscle on the 2nd 
day after ISP injection shows changes of coagulation 
necrosis (Fig. 3, day 2). Ischaemic myocytes with pyknosis 
of nuclei, shrunken eiosinophilic cytoplasm and marginal 
contraction band necrosis is seen. On the 4th day, total 
coagulation necrosis with the loss of nuclei and striation 
was observed (Fig. 3, day 4). We also found heavy 
interstitial infiltrate of neutrophils. On the day eight, 
collagen deposition with capillary channels in-between the 
remaining islands of myocytes in the infarcted area and 
prominent fibrovascular reaction in margins are seen (Fig. 
3, day 8). On the 16 m day scarring was complete. We 
noted prominent scarring with scattered remaining darkly 
stained myocytes (Fig.-3,-day- 16). All these changes are 
similar to those take place in the human heart after an 
acute ML 

Coronary perfusion rate 

We observed a steady decrease in CPR in infracted 
rabbits as compared to the normal rabbits (p<0.05) on the 
-aay2-3ft^ifif^Iorr(FI^^^ 

there was further drop in CPR which reached its 
-maximum=^tine^^y^efpo8Hfifaretion^Figr4B and" 
4Cj. FoTowing "cfay T df post-Warrtion , CPR started ^ 
recover and vdllies returned close to those of day 2, 
although-still-away-from-the-vaiues-of the normal- rabbits 
(Fig: 4D). - " " 

Infarcted rabbits were divided into two groups. One 
group was treated with saline on the day of infarction and 
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Fig. 1. (A) Troponin I levels in the blood at different time points after isoproterenol injection and (B) CPK levels in the blood at different time points 
after isoproterenol injection 
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Before Infraction 



After Infraction 



ST Elevation 



ST 



\ q wave development 



Fig. 2. ECG Tracings after Isoproterenol Injection 




Day 4 




Day 16 



Fig. 3. Photomicrographs of the rabbit heart muscle (left ventricle), (day 2) after 24-28 hours of infarction. Ischemic myocytes show changes of 
coagulation necrosis. H & E. Magnification 20X (day 4) after 72-76 hours of infarction. Note florid predominantly acute inflammatory cell infiltrate 
around necrotic myocytes (arrow). H & E. Magnification 10X on day 8 after infarction. Note collagen deposition with capillary channels in-between 
the remaining islands of myocytes in the infarcted area (arrow). H & E. Magnification 10X (day 16) Photomicrograph of the rabbit heart muscle (left 
ventricle) on day 16 after infarction. Note prominent scarring with scattered remaining darkly stained (arrow myocytes. Trichrome Magnification 20X. 
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Fig. 4, Coronary perfusion rates of infarcted plus, nimesulide treated rabbits vs. infarcted plus saline treated rabbits (controls) on day 2 (A), on day 4 



treated rabbits compared to normal non-infarcted group. Rabbits in the infarcted plus nimesulide treated group showed significant improvement in 
tfiexoroi^ — 



this treatment continued up to the day of sacrifice. 
Similarly the other group was treated with nimesulide on 
the day of infarction and this treatment continued up to the 
day of sacrifice. Third group was non-infarcted, normal 
rabbits. 

On day 2 post-infarction, CPR on the two groups of the 
cabbitsj^erejQQrnpaced._8abtt 

group showed significant improvement in CPR (p<0.05) 
was compared to the saline treated rabbits. On day 4 
post-infarction, rabbits in the nimesulide treated infracted 
group again displayed significant improvement in CPR 
(p<0.05) as compared to the saline treated rabbits. It 
means that nimesulide treatment made recovery in CPR 
towards normal, although still very low then normal 
(p<0.05). On day 8 of post-infarction, there was significant 
improvement in CPR of nimesulide treated infarcted 
rabbits (p<0.05). On day 16 of post-infarction CPR of the 
two groups of infarcted rabbits were compared. Nimesulide 



treated infarcted rabbits displayed significant improvement 
(p<0.05) than the saline treated infarcted rabbits. 

On day 16 of post-infarction, values of CPR of both 
groups of infarcted rabbits better than the infarcted rabbits 
of day 4 and day8 post-infarction. On day 16 post-infarction 
rabbits treated with nimesulide showed maximum recovery. 
_Ib.e_se_>fflluas^ 

treated rabbits at day 2 post-infarction. These values of 
CPR, however, were still significantly lower than the normal 
(p<0.05), nevertheless, showing that on day 16 post -in- 
farction, rabbits in the nimesulide treated group made 
significant recovery. 

DISCUSSION 

In the present study, we have developed a model for 
experimental Ml. The main features of this model follow 
changes seen in humans after Ml. For example, the 
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Table I. Coronary perfusion rates (CPR) of normal, infarcted plus saline, infarcted plus nimesulide treated rabbits on day 2, 4, 8 and 16 after 
infarction 



Coronary Perfusion Rate (Drops/Min) 



Time 



Day 2 



Day 4 



Day 8 



Day 16 



(Mm) 


Normal 


Sal 
(Infarcted) 


Nim 
(Infarcted) 


Sal 

(Infarcted) 


Nim 
(Infarcted) 


Sal (Infarcted) 


Nim 
(Infarcted) 


Sal (Infarcted) 


Nim 
(Infarcted) 


10 


117±6 


85±7 


98±7 


71±6 


74±5 


74+5 


76+5 


75±4 


86±3 


20 


114±7 


84+6 


95±5 


69±5 


73±4 


73±5 


76+6 


74±3 


84±4 


30 


112±7 


83±7 


93±5 


66±6 


70±5 


70+4 


75+7 


73+5 


83±3 


40 


107±8 


81+8 


92+7 


64+4 


68±4 


68±3 


73+6 


72±4 


83+4 


50 


105±9 


79+6 


90±4 


61±4 


67±4 


67±5 


73+6 


72±4 


82±4 


60 


102±7 


78±5 


88±8 


57±5 


64±3 


64±6 


72±7 


70±3 


80±4 



changes seen in the levels of TPI and CPK from myocytes. 
These findings further corroborated the induction of Ml by 
ISP. The application of this model for evaluating -drugs 
which might interfere with dotting and heart attacks, in 
particular nimesulide, a COX-2 inhibitor which also known 
to reduce oxidative stress and exhibit antioxidant pro- 
perties. 

The other class in particular aspirin, non-steroidal inflam- 
matory drugs (NSAIDs), which is known to inhibit platelet 
aggregation mediated by COX. Its has clinical efficacy in 
ischaemic heart disease (Saeed et ai, 2001). It beneficial 
effects are probably due to its antithrombogenic actions 
as an inhibitor of platelet aggregation. However, a direct 
cardioprotective effect of aspirin on ischaemic myocardium 
l^in^rBeen "derhdristra 

gspirin did not affect myocardial jnfard..$ize._ after canine 



mation (Mukerjee etal., 2002). 

Improvement in the coronary perfusion rate found in the 
present studies (Fig. 4) strongly suggests that coronary 
vasodilatation occurs through endothelial dependant NO 
formation. An increasing body of evidence suggests that 
oxidative stress accounts in large parts for endothelial 
dysfunction (Cai et ai, 2000). There is evidence that COX- 
2 may be a source of oxygen radicals itself (O'Banion, 
1999) and therefore, inhibition of this enzyme activity by 
nimesulide may reduce oxidative stress. The link between 
increased oxidative stress and reduced bioavailability of 
NO has been well established (Cai ef a/., 2000). Further- 
more, endothelial dysfunction in patients with coronary 
artery disease is beneficially reversed by anti-oxidative 
~apnis;~sQaras vitamin X" (Hetzer ef"a/~1996): ln~fact" 
selective COX-2 inhibition holds the potential to. beneficially 



reported (Mobert et ai, 1998) that, aspirin caused a 15- 
fold increase in guinea pig heart and concluded that 
nonspecific COX inhibition leads to myocardial oxygen 
deprivation. Thus, selective COX-2 inhibition seemed to 
have clear therapeutic advantage. 

COX-2 is the isofbrm responsible for the enhanced 
production of prostaglandins that mediate inflammation 
and is the target enzyme for the anti-inflammatory activity 
of NSAIDs (Lecomte ef a/., 1994). Induction of COX-2 in 
-isehaemiemyoeanjium-is#ieu§^ 
of proinflammatory prostanoids and contribute significantly 
to the ischemic inflammation (Saito ef ai, 2000). Further- 
more, COX-2 expression is induced by proinflammatory 
mediators, particularly by cytokines and reactive oxygen 
species (Belton et ai, 2000). and its expression has 
been found in animal models of atherosclerosis as well 
as in human atherosclerotic tissues (Baker et a/., 1999; 
Schonbeck et ai, 1999). It has proposed that atheroscle- 
rosis is a process with inflammatory features (Koening, 
2001) and selective COX-2 inhibitors may potentially have 
antiatherogenic effects by the virtue of inhibiting inflam- 



(Chenevard ef a/., 2003). 

More recently, it has been demonstrated that selective 
COX-2 inhibition improves endothelial-dependent vasodi- 
latation and reduces low-grade chronic inflammation and 
oxidative stress in coronary artery disease (Chenevard et 
ai, 2003). 
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Abstract. This review summarizes the principal therapeutic 
responses to the preferential COX -2 NSAID. nimesulide. in 
treating musculoskeletal joint symptoms and various acute 
and chronic pain conditions and the mode of action in rela- 
tion to therapy in these states. 

in extensive studies in laboratory animal models and 
clinical trails in patients nimesulide has been found to have 
potent analgesic, anti-inflammatory and anti-pyretic activi- 
ties. It is approved for use in over 50 countries worldwide 
(including those in the EU. South and Central America. 
China. India and some other South- East Asia) for the treat- 
ment of acute pain, the symptomatic treatment of painful os- 
teoarthritis and primary dysmenorrhoea. Its mode of action 
in these states is related to the preferential inhibition of the 
production of cyclo-oxygenase-2 (COX-2) and other inflam- 
matory mediators whose production is controlled by stimula- 
tion of cydic-3 .5 '-adenosine monophosphate (cAMP); this 
means that nimesulide is a multi-factorial drug in controlling 
inflammation and pain. 

The adverse reaction profile of nimesulide is, in general, 
like that of other NSAIDs. It does, however, have relatively 
low occurrence erf gastrointestinal (Gl) side effects whiclr" 
is related to its low propensity to inhibit the physiologically 
important COX- 1 in the Gl mucosa and important physico- 
chemical properties (high pKa of 6.5 and lipohilicity) as well 
as inhibiting of mast cell derived histamine and acid- secre- 
tion in the stomach. In contrast with the coxibs, nimesulide 
has not been found to have appreciable cardiovascular toxjic^ 
ity. ~" 

Key words: NSAID; Anti-inflammatory: Analgesic; Side- 
effects: Sulphonaniiidc; Cyclooxygenase 



Introduction 

It is well-established that non-steroidal anti-inflammatory 
drugs (NSAIDs) have fundamental actions in controlling in- 
flammation and in pain relief (Kean and Buchanan, 2005). 
They all inhibit the production of prostaglandins through the 
inhibition of COX- 1 and COX-2. these being the enzymes 
responsible for their synthesis (Vane and Bolting, 2001; 
Rainsford, 2004a). In addition, however studies in experi- 
mental and clinical models have clearly demonstrated cither 
activities on pro- inflammatory mediators involved in the ac- 
tions of NSAIDs in providing relief from inflammation and 
pain (Kitchen etal.. 1985; Hunneyballet aL 1989: Rainsford, 
1996; Celotti and Laufer, 2001; tamawski and Jones, 2003; 
Rainsford. 2004;). Among these mechanisms are the inhibi- 
tion of leucocyte accumulation at inflamed sites, activation 
and expression of cell surface receptors, of angiogenesis, cell 
apoptosis, reactive oxygen species (ROS, or oxyradicals and 
nitric oxide) and their actions, and the regulation of non-pros- 
tanoid lipid mediators (Kitchen et aL, 1985; Hunneyball et aL 
1989; Rainsford, 1996;Tarnawski and Jones. 2003; Rainsford 
2004a, 2004b: Celotti and Laufer 2001; Serhan. 2004) 

Aside from individual variations in pharmacological ef- 
fects NSAJDs also differ substantially in the pharmacokinet- 
ic, pharmacological, pharmacodynamic and in their clinical 
profiles (Hart and Huskisson, 1984: Brogden. 1986; Ban- 
nwarthetal., 1989; Levy and Smith, 1989; Nctterct aL 1993: 
Evans, 1996; Hayball.' 1996; Rainsford, 1996: Leflcowith 
1999; Heyneman et al., 2000; Verbeeck 1990; Celotti and 
Laufer, 2001: Day 2001; Landoni snd Scoraci, 2001; Bijlsma 
2002; Tarnawski and Jones, 2003; Rainsford et ah, 2005a ; 
2005b; Huntjens et al., 2005). Since they have essentially the 
same therapeutic properties in controlling pain, inflammation 
and fever, the scale of adverse effects often remains the main 
discriminator for choosing between individual NSAID (Hart 
and Huskisson, 1984: Rainsford, 1996: Kean and Buchanan. 
2005). 
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Gastrointestinal (GI) adverse events remain the main 
concern in the use of NS AlDs and GI tolerabilily is a central 
issue for clinicians who prescribe, these drugs (Rainsford, 
1996. 2001: Roihstein. 1998). Other important side effects 
should also be taken into consideration when prescribing 
these drugs such as allergic reactions, skin adverse reaction, 
renal complications, alteration of hepatic enzyme levels and 
rarely hepatopathies (Rainsford, 1996. 1997, 2001; Roth- 
stein'. 1998: Teoh and Fanell. 2003: Uemura et aL 2003: Si- 
mon and Namazy. 2003: Sanchez-Borges et aL 2002. 2003; 
McCcttigan et aL 2000). 

Finally, the recent withdrawal of two of the newer COX-2 
selective NSAIDs. rofecoxib and vaidecoxib because of seri- 
ous cardiovascular reactions (the latter also due- to serious 
skin reactions), as well as the withdrawal or limitations on 
the use of celecoxib in some countries poses question about 
the cardiovascular (CV) safety profile of the whole NSAIDs 
class (Rainsford, 2005c; Khannact aL 2005; Oster and Hazlc- 
man. 2005; Topol. 2004; US Food and Drug Administration, 
Joint Meeting of the Arthritis Advisory Committee and the 
Drug Safety and Risk Management Committee, 2005a; US 
Food and Drug Administration FDA Public Health Advisory, 
2005b; European Medicines Agency, 2005a, 2005b). The 
FDA and EMEA took different positions on this issue. The 
FDA took the view that the issue concerning the CV risks of 
cox Lbs raised concerns about the CV safety of all NSAIDs 
(US Food and Drug Administration FDA Public Health Ad- 
visory. 2005b; European Medicines Agency, 2005a. 2005b). 
In contrast, the EM A considered the CV risk of coxibs was 
clearly greater than that of other NSAIDs whether preferen- 
tial or non-selective COX-2 inhibitors (which they grouped 
as non-selective COX-2 inhibitors) (European Medicines 
Agency. 2005a. 2005b). 

Traditional NSAIDs and selective COX-2 inhibitors 

In 197 L Professor Sir John Vane and colleagues postulated 
thai aspirin and other NSAIDs, produced their anti-inflam- 
matory and analgesic effects by inhibiting the biosynthesis 
of prostaglandins, through the blockade of the COX enzyme 
fVanc, 1971; Ferreira efaJ., 1971; Flower et al. f 1972). In 
the early 199()'*s, it became evident that two isoforms of the 
COX enzyme were actually involved in the production of 
prostaglandins (Rainsford, 2004a ? Vane and Botting. 1995, 
2001). In particular, it was showed that the COX- 1 isoform 
is responsible for the production of prostaglandins which 
conuibute to maintain the homeostasis in key organs such 
as the stomach and kidney as well as influence mechanisms 
linked to the blood coagulation and vascular functions. The 
other isoform, COX-2, was found to be mainly induced by 
inflammatory and painful stimuli and to cause the forma- 
tion of prostaglandins which play a key role in the inflam- 
mation and neural responses, although more recent research 
attributes a role in the maintenance of homeostasis to this 
isoform as well (Vane and Botting, 1995, 2001: Rainsford, 
2004a). 

Non-selective NSAIDs inhibit both COX- 1 and COX-2 
by binding rcversibly of irreversibly to the enzyme (Vane 
and Botting, 1995; Rainsford, 2004a. The toxic effects of 
these non-selective NSAIDs in the ^astro-intestinal tract. 



kidney and vascular systems are considered, in part, to be 
due to inhibition of the synthesis of physiologically impor- 
tant ("housekeeping") prostaglandins (PCs) E 2 and I, in these 
systems (Vane and Bolting, 1995. 2001; Rainsford. 2004a.). 
Inhibition of COX-2 selectively inhibits the synthesis of PGE : 
and other PGs involved in inllammation and mediating neu- 
ral signals in pain pathways Vane and Botting, 1995, 2001: 
Rainsford 2004a, 2004b; Rainsford et aL 2005). NSAIDs 
exhibit different degrees of selectivity in their ability to dif- 
ferentially block COX- 1 or COX-2 (Vane and Botting. 1995. 
2001; Rainsford, 2004a: Tarnawski and Jones. 2003). While 
there arc many other factors that are involved in the develop- 
ment of adverse reactions (e.g. in the GI tract and kidney) 
the involvement of COX- 1 inhibition plays a significant pan 
(Rainsford, 1996. 2001 ; Hotz-Behofsits et aL 2003: Tamaw- 
ski and Jones, 2003). 

In late : 90s based on the assumption that the inhibition 
of COX-1 is the main cause of GI bleeding, a new class of 
highly selective COX-2 inhibitors, the so-called coxibs. were 
developed (de Laval et aL, 2000; Vane and Boning, 2001: 
Rainsford, 2004aJ. Their purpose was to inhibit, at recom- 
mended therapeutic doses, mainly COX-2. with little if 
any effects on COX-1 (Vane and Botting, 2001; Rainsford. 
2004a). The coxibs were, therefore, looked at as a safer alter- 
native to traditional NSAIDs, especially their GI safety pro- 
hie. Evidence from short-term studies showed that the coxibs 
had lower gastro-ulcerogenic effects in animals and humans 
(Feldman and McMahon. 2000). Since their discovery cer- 
tain physicochemical properties (high pKa. lipophilicity) 
have been identified that may also account for their low acute 
GI ulcerogenicity (Rainsford, 1999a). In long-term studies in 
patients with arthritic conditions this was less marked and the 
incidence of serious GI events from coxibs proved similar to 
that from NSAIDs (Bjarnason and Rainsford, 2001a. 2001b; 
Schoenfeld, 2001: Juni et a!., 2002). 

The inhibitory activity of NSAIDs towards the two COX 
isoforms is only one of the aspects which play a role in their 
analgesic and anti-inflammatory activity. Aside from the 
degree of selectivity toward COX isoforms, NSAIDs can 
be distinguished according to other characteristics such as 
their chemical structure, as well as their acidic and non- 
acidic chemical characteristics (e.g. pKa) (Rainsford, 1999a. 
2004c). Their biological activities are also due to their rela- 
tive effects on the production of inflammatory and pain me- 
diators which account for their anti-inflammatory, analgesic- 
activities (i.e. central or peripheral) antipyretic ajid other 
pharmacological properties. Physico-chemical factors arc 
well-known to influence pharmacokinetics of NSAIDs (Graf 
et aL 1975; Brunc et aL 1977; Nctter et al, 1993) and es- 
pecially the rate of GI absorption and uptake into inflamed 
cells or synovial tissues and cerebrospinal fluids (Nctter et 
ah, 1993: Rainsford, 1999a, 2004c; Shimizu et al., 2003: 
Pehourcq et al.. 2004;). NSAIDs with low pKa values (e.g. 
carboxylic acids) have a greater tendency to be irritant to the 
gastric mucosa as a consequence of their selective absorp- 
tion into GI mucosal cells (Brune et al., 1977; Rainsford and 
Brune s 1978; Rainsford et ah, 198L 1984. 1985; Hotz-Behof- 
sits et al., 2003; Rainsford, 1999a; Sigthorsson et al, 2000a, 
2000b) leading to ion trapping (Brune el al.. 1977; Rainsford 
and Brune. 1978; Rainsford et al.. 1981 : 1984. 1985: Sigth- 
orsson et al.. 2000). as well as uptake into mitochondria and 
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Physicochemical properties of nimesulide 




d.mtro-2- phonos y-m»thanasu!lon3niii<l«! 

Non-acidic NSAID. pKa 6.4 

~ 100% unionized at aodic pH in gastric environment 
Low water solubility: 5.5mg/L (25'C) 
MWl 30S.3 Da 

Log P lOctanolArVater. pH 7.4) = 1.B 



Hydrogen bond doners: l 
Hydrogen bond acceptors: 6 



with pKa results in high GI permeability, 
but low gastric Irritancy 



Fiji. I. Physico-chcmicaJ properties of nimesulide. 
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uncoupling of oxidative phosphorylation (Sigthorsson et al., 
2000) leading to reduction in ATP production and apopto- 
sis (Redlak et al., 2005). These physicochemical features of 
NSAIDs also underlie their renal effects (BruneetaL .1977). 
Drugs with relatively higher pKa than the carbdxylates such 
as nimesulide (pKa 6.5) (Fig. I) while being weil absorbed 
probablv have a lower propensity to lead to ion trapping in 
mucosal cells (Rainsford, 1999a; Sigthorsson et al., 2000) 
and consequently are less irritant to the mucosal cells (see 
later section on Adverse Reactions and Relative Safety). 



Regional absorption from GI tract 

Nimesulide absorption occurs mainly in the upper pan of tne GI tract. 
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Fig. 2. Plasma concentrations of nimesulide normalized lo dose follow- 
ing selective introduction into different regions of the gasiro-inleMinal 
tract. These data show that about 70% of the dose of the drug taken 
orally is absorbed in the stomach, while about 12% is absorbed in the 
small bowel and virtually no absorption occurs in the colon. 



Nimesulide was first licensed and marketing in Italy in 
1985. over 20 years ago. Subsequently, it has become the 
most prescribed and used NSAID in that country. It is now 
marketed in over 50 countries world-wide and in some is 
amongst, if not. a market leader. 



Mode of Action of Nimesulide 



The. Development of Nimesulide 

Nimesulide was developed by Dr. George Moore and col- 
leagues at Riker Laboratories (later acquired by 3M Co.) 
(Rainsford, 2005a). The discovery of nimesulide preceded 
the discovery of cyclo-oxygenase and the key roles of pros- 
taglandins in inflammation and pain. The rationale for the 
design was actually based on the premise that free radicals 
were critical factors in chronic inflammation disease and 
scavenging of these radicals might have novel anti-inflam- 
matory activities in the control of chronic inflammatory con- 
ditions (Swingle et aL 1985: Rainsford, 2005a). 

Following initial unsuccessful observations on fluoro- 
alkane-sulfonanilides they modified their strategy to incor- 
porate a 4-nitro- group into the sulphonaniiide structure to 
achieve oxyradical scavenging and this led to the synthesis 
of 4- nitro-2-phenoxy-triiluoromethane-sulfonanilide. The 
designated compound, R-805. was found to have the best 
therapeutic ratio compared with reference NSAIDs avail- 
able at that time (Rainsford, 2005a). The chemical name of 
the compound, 4-nitro-2-phenoxyriiethane-stilphohanilide 
served as the basis for the generic name of the drug, i.e. 
nimesulide. Subsequently in 1980 nimesulide was licensed 
by Hc.lsinn Healthcare SA (Switzerland) who proceeded to 
invest in extensive investigations on the drug. These gave a 
basis for comprehensive investigations that allowed for the 
worldwide registration and commercialisation of the drug. 
These studies also led to identification of the multi-factorial 
basis for the actions of nimesulide. 



There have been several reviews published over the years 
oh the pharmacological properties of nimesulide (Ward 
and Brogden, 1988; Davis and Brogden. 1994; Famaey. 
19.97: Anonymous, 1998; Bennett and~Villa. 2000; Bennett. 
2001). More recently, a monograph has been published on 
nimesulide which includes all the main pharmacokinetic, 
pharmacological, clinical and chemical properties of this 
drug (Rainsford, 2005b). 



Pha mia cokii i dies 

Key features of the pharmacokinetics of nimesulide. which are 
important in relation to its pharmacological actions, include; 

• ^^^alid^dmr^etc^ absorption from the upper gastro- 

jj^^ of 1 00 mg ba d. 

1 ^rnareggi ? 1998; Bernareggi and Rainsford. 2005). 

• Tissue distribution in rats (Fig. .1) shows rapid accumu- 
lation in fat, liy^ u |^^&y, i .wi.th some uptake into brain 

iij^ the' drug and 

•1f|S^ te tb plasma proteins. 

'^^^rffi^^^S^'^'^^' 111 *^ 5 "^derately low volume 
•^^^TOiSf pyW'V^ to 0.4-L/Kg (Bernareggi, 
1998*;' Bernareggi and Rainsford. 2005a). Clearance is 
rapid such that most of the drug is eliminated in rats 
and humans bv 24 h (Bernaregei. 1998: Bernareugi and 
Rainsford. 2005). 
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Tissue Distribution in Rats of Radiolabeled 
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Fi». X Distribution in major organs of radioactive labelled-nirnesulide in 
:-ni5 following oral ad minis! ration .nf 2.5 rng/ku of the drug. 
The upper bar graph shows the concentration (ug/g wet weight) of 
nimesulide and its principle 4-hydroxy-nictabrilifc :*i 1 h (front bars) and 
4fi (at rear), while the bottom graph shows the concentration of these at 
lC>h l from liars) and 24 h (at rear) respectively. 

There is widespread distribution of radioactivcly labelled drug within 
I h of oral administration with relatively high cuneeniraiioiis being 
present in ihe plasma, fat. stomach, jejunum, liver, kidneys and lungs. 
The presence in fat reflects the relatively high liposolubility of the drug. 
Although there is some uptake into tltc brain at this is not at a 

high, level compared with the plasma concentration of the drug. The 
combined tissue to plasma ratio is <l and there is no accumulation- of 
the drug in major organs. In humans the ratios of tissue/plasma drug con- 




• There is similar bioequivalence from different oral dosage 
forms (tablets, granules, suspension) (Bernareggi, 1998; 
Bernareggi and Rainsford, 2005). 

• Food has a modest effect on total bioavailability: a rela- 
tively high fat American breakfast reducing peak plasma 
concentrations (C ma j by about 20% but there is no effect 
on the T mat or total bioavailability (AUQ-151J (Bernar- 
eggi. 1998; Bernareggi and Rains ford. 2005). 

Liver metabolism is principally due to (a) oxidation to 
form hydroxylated metabolites via cytochrome P 450 2C9, 
2CI9 and possibly CYP1A2. with subsequent glucuroni- 
dation and siilphation of the phenolic hydroxy! groups, 
and (b) reduction of the nitro-group to an amine (Bernar- 
eggi, 1998; Bernareggi and Rainsford, 2005). Nitroso- 
and hydroxylaminc intermediates most likely occur in the 
reduction of the nitro-group (Bernareggi and Rainsford. 
2005). 

While nimesulide produces a considerable number of me- 
tabolites, the principal metabolite is the 4-hydroxy-deriva- 
tivc which, though generally less potent, has similar phar- 
macological actions to that of the parent drug (Rainsford et 
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Tig. 4. In vitro selectivity of NSAlDs for COX-2 compared with COX- 
l . Based on data from Warner et al. (.1999). Here there !C\„ molar values 
for the inhibition of these two enzymes arc compared as this is consid- 
ered to give a closer representation of the likely effects in relation to the 
plasma concentrations of the drugs in humans. 



COX-2 and anti-inflammatory activity 

A large number of experimental investigations in animal 
models (Rainsford et al.. 2005) and humans with arthritic 
and various pain states (Bianchi et al., 2005) have shown thai 
nimesulide has an ti -inflammatory activity which is compa- 
rable on a dose for weight basis with thai of conventional 
NSAlDs such as diclofenac and indomethacin and the COX- 
2 selective drug, rofecoxib. 

The effects of nimesulide, like that of other NSAlDs on 
COX-2 are among the mechanisms involved in the anti-in- 
flammatory actions of this drug. The preferential COX-2 se- 
lectivity of nimesulide is a central feature of the anti-inflam- 
matory as well as analgesic effects of this drug (Rainsford 
et al.. 2005). Demonstration of this efFect has been shown 
in a conventional in vitro and ex vivo assays. Among Ihe in 
vitro assays used to define COX-1 and COX-2 selectivity of 
NSAlDs Lliat developed by Warner and co-workers (Warner 
et al., 1999). known as the William Harvey (Institute) Modi- 
lied Assay (WHMA) in whole human blood (Fig. 4) has 
become generally accepted to most closely represent that 
known to occur in vivo and best characterized in relation 
to the plasma phannacokinetics of the drugs. The ratio of 
COX-2/COX-1 (which is a measure of COX-2 selectivity) in 
the WHMA data was found to range between diclofenac and 
etodolac and was close to that of eeleedxib (Fig. 4). Yet the 
COX-2/COX-1 ratio of nimesulide is clearly out of the range 
of rofecoxib and NS-398, both of which are highly selective 
inhibitors. 

To establish the significance of COX-2 selectivity in 
relation to GI effects and platelet function cx vivo studies 
were performed in human volunteers who had ingested ei- 
ther lOOmg nimesulide b.i.d. or naproxen 500 mg b.i.d. for 
14 days and the COX-l/COX-2 effects were determined 
in blood and GI mucosa. There was no COX-1 - depend- 
ent platelet aggregation produced by nimesulide and it only 
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NIMESUUDE INHIBITS SUPEROXIDE 
PRODUCTION IN HUMAN 
NEUTROPHILS 
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lT.\A : ) and gastric mucosal production of PGE 2 and 6-keto 
PGF,,, in endoscopic biopsies (Bjarnason and Thjodleifsson. 
1999: Sigihorsson et a!.. 2000a." 2000b; Shah el ah, 2001). 
Whole blood stimulated ex vivo with Escherichia coti li- 
popoly saccharide (LPS) from the nimesulide-lreated sub- 
jects produced 91-93% inhibition of PGE 2 compared with 
control values after 3-10 days treatment. 

In comparison, the ingestion of naproxen 500 mg b.i.d. 
for 14 days caused significant reduction in serum TxB 2 pro- 
duction (by 98% of initial control values), gastric mucosal 
PC production by 76-82%, and blocked COX-1 dependent 
platelet aggregation. The LPS-stimuIatcd whole blood PGE 2 
production was significantly reduced by 74-77% of control 
values over 3-10 days c.x vivo: the latter being less than that 
observed with nimesulide (Bjarnason and Thjodleifsson. 
1999: Sigihorsson et ah. 2000: Shah ct al.. 2001:). 

The significance of these observations on COX-2 pref- 
erential effects of nimesulide on the gastro-intestinal (GI) 
effects of the drug were shown in upper Gl endoscopic 
observations performed in the same volunteers and parallel 
studies of intestinal permeability using specific biomarkers. 
In both studies nimesulide had little or no effects on the 
Lanza scores of gastro-duodenal mucosa or intestinal perme- 
ability whereas naproxen produced significant gastric injury 
(44% of subjects showing >10 erosions or haemorrhagic 
areas) and increased intestinal permeability. Furthermore, 
naproxen caused a significant two-fold increase in excretion 
of faecal ealproleclin (a marker of intestinal inflammation) 
above baseline whereas nimesulide was without significant 
effects on the excretion of this biomarker (Bjarnason and 
Thjodleifsson, 1999: Sigihorsson ei ah. 2000: Shah et al.. 
2001). 

These results represented the first conclusive evidence of 
COX-2 selectivity of an NSAID being paralleled in humans 
by lack of significant effects on Gl mucosal integrity. These 
observations are supported by a large amount of studies in 
laboratory animal models (Sigihorsson et al.. 2000) (re- 
viewed - see Bjarnason et al., 2005: Rains ford el al.. 2005) 
showing little or no effects of nimesulide on Gl mucosal pro- 
duction of prostaglandins coincident with low Gl mucosal 
injury from this drug. 

Several actions of nimesulide may also account for the 
low Gl ulcerogenicity of the drug aside from sparing of 
COX- 1 activity in the mucosa and physico-chemical proper- 
tics of the drug that limit its accumulation in mucosal cells 
(Bjaruasson et al.. 2005). Among these actions are the ef- 
fects on mast cell degranulation and release of histamine, 
and inhibition of histamine stimulated acid production which 
maybe a consequence of elevation of cyclic 3 '5 -AMP by 
nimesulide (Bjarnasson et al.. 2005) (see later). The lack of 
stress-synergy in expression of irritant actions of the drug 
on the gastric mucosa, such as seen with other NSAlDs may 
also be a factor of significance in the low ulcerogenicity of 
nimesulide (Rainsford, 1975, 1977). 

The pharmacological profile of nimesulide with particu- 
lar reference to its inhibitory activity on the COX enzymes, 
has been evaluated in various in vitro models. Although 
results vary depending on study conditions, nimesulide 
showed a higher affinity for the COX-2 enzyme (Rainsford 
et al.. 2005). This is also supported by molecular modelling 
studies which showed that blockade of COX-2 is due to the 



Fig-. 5. Actions of nimesulide on neutrophil reactive n\ygen species 
(ROS). Effects of nimesulide on superoxide production by human neu- 
trophils in vilm (a) and on superoxide and phagocytosis by neutrophils 
ex vivo following ingestion by human volunteers of 1 00 nig nimesulide 

fb>. 

a. Based on data from Bevilaequa et al. (1994) 

b. Based on daia from Ouonello et al. [ 1992) 



interaction of nimesulide with the larger channel in COX-2 
compared with COX-1 (Rainsford et al.. 2005) In these ex- 
perimental models nimesulide was also found to have some 
weak inhibitory activity on the COX- 1 isoform (Rainsford 
et al. 2005), which might have therapeutic advantages in 
relation to prevention of thrombosis in patients with athero- 
sclerosis. 

Nimesulide, like some classical' NSAIDs exhibits a con- 
siderable degree of anti-inflammatory activity as a conse- 
quence of various inhibitory effects on polymorphonuclear 
neutrophil leucocytes (PMNs) (Dallegri el al., 1990, 1992a. 
1992b. 1995: Ouonello et al.. 1992, 1993. 1995, 1999: 
Capecchi et al., 1993; Verhoeven et al., 1993: Bevilaequa et 
al.. 1994; Dapino et al.. 1994: Tool and Verhoeven. 1995: 
Bennett and Villa, 2000: Bennett, 2001: Mouithys-Micka- 
lad et al., 2000; Nakatani et al. e 2001; Gomez-Gaviro et al., 
2002; Bravo-Cuellar et al., 2003; Kimura et al., 2003: Rains- 
ford et al.. 2005). These effects are, in some cases, relatively 
potent compared with the activities of other NSAIDs, and 
occur within the drug concentrations in plasma or synovial 
fluids encountered during therapy with the drug (Rainsford 
et al., 2005; Bennett andVilla. 2000; Bennett. 2001). Thus, 
nimesulide inhibits chemotaxis and superoxide production at 
>1 umoI/L (Fig. 5 J and production of platelet activating factor 
leukotricne B. : and hypochlorous acid (HOC1) from PMNs at 
>10umol/L in concentrated-related manner (Dallesri et a!.. 
1990. 1992a, 1995; Ottonello eta!., 1992, 1993,1995: Verho- 
even et ah. 1993; Bennett and Villa. 2000. Bennett 2001). At 
>5umol/L nimesulide inhibits release of elastase and other 
markers of neutrophil degranulation that contribute to car- 
tilage destruction in. .osteoarthritis (OA) and related condi- 
tions (Ouonello et aL 1993; Nakaiini et al.. 2001 ). At higher 
"supra-therapeutic" concentrations (>20umol/L) nimesulide 
inhibits neutrophil adherence to endothelial cells, shedding 
of L-selectin and transendothelial migration (Fig. 6) (Dapino 
el al., 1994; Gomez-Gaviro et al.. 2002). 
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a. NIMESULIDE INHIBITS 
TRANS-ENDOTHEUAL MIGRATION 
OF HUMAN NEUTROPHILS 
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b. NIMESULIDE INHIBITS 
NEUTROPHIL ADHERENCE TO 
ENDOTHELIAL CELL MONOLAYERS 
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Fig. 6. Actions of nimesulide on neutrophil-endothelial cell interactions. 
Rffecls of nimesulide on die migration of neutrophils through endothe- 
lial cells in) and on neutrophil adherence to endothelial cell monolayers 

rb). 

a. b. Based on data from Dapino ct al. ( 1994) 



Confirmation of the actions in vivo in humans of 
nimesulide on neutrophil oxidative reactions has been pro- 
vide by Ottoriello and co-workers (1992) who showed that 
oral ingestion of lOOmg nimesulide lowered the phagocytic 
superoxide generation of neutrophils in response to op- 
sonized zymosan panicles and /V-formylmethionyl-leucyl- 
phenylalaniiie (Fig. 5). 

In contrast to the effects on neutrophils, nimesulide 
(>(). I umoi/L) reduces the survival of human monocytes sug- 
gesting thai this drug may have selective actions on apophy- 
sis or other actions that affect growth of monocytes (Sawada 
et al.. 2000). 

An important action of nimesulide not observed with 
many odier NSAIDs is its ability to inhibit the release of 
histamine from mast cells (Casolaro et aL 1993; de Paulis et 
al., 1997; Kolaczkowska et al., 2002). This effect probably 
has significance not only in vasodilatation in acute inflam- 
mation but also for the wide range of actions of histamine 
now known to be of importance in chondrocytes and oilier 
cells involved in joint manifestations of arthritic diseases 
(Tanaka et al.. 1997). 

In addition to effects on mast cells, nimesulide inhibits 
chcmolaxis and production of reactive oxygen species (ROS) 
and leukotriene d production by eosinophils (Tool et al., 
1996); these effects may be of significance in control by the 
drug in airways inflammation and allergic reactions although 
proof of the clinical effects is not yet available. 

It has been postulated that a central or basic action of 
nimesulide in elevating intracellular levels of the key cell 
signal, cyclic 3 ,5 '-AMP (cAMP) may account for the wide- 
ranging inhibitory effects on inflammatory cells and release 
of cartilage degrading enzymes (e.g. matrix metalloprotein- 
ases) (Barracchini ct aL 1998; Kullick ct aL, 2002; Bcvilac- 
qua et al.. 2004). Figure 7 shows the central role that eleva- 
tion of cAMP plays in mediating these actions. Confirmation 
of the effect of nimesulide on cAMP in PMNs has been 
shown in which the activity of the enzyme that degrades 
cAMP, phosphodiesterase IV, is inhibited at concentrations 
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Fig. 7. The central actions on leucocytes, mast cells and chondrocytes 
of nimesulide as a consequence of regulation of cyclic-3". 5 -adenosine 
monophosphate (cAMP). It is postulated thai as nimesulide increases 
production of cAMP as a consequence of inhibition of phosphodi- 
esterase-! V: this increased cAMP leads to reduced production of a 
wide range of inflammatory mediators hy neutrophils, macrophages, 
mast cells and eosinophils. The reduction via cAMP in the cytokine 
stimulated release as well and the direct effects on the activity of mctal- 
loproleinases (MMP) especially of slromelysin (MMP-3), MMP- 1 and 
MMP-S from chondrocytes (Burrachini ei aL 1998: Kullick et aL, 2002: 
Bevilacqua et al.. 2004: Manicourt et al.. 2005). may. with the actions 
of nimesulide in activating glucocorticoid receptors, may contribute to 
reduced degradation of cartilage in osteoarthritis. 
Reproduced with permission of Professor Franco Dallegri. 



> I umol/L coincident with increase in intracellular cAMP. 
This increase causes activation of protein kinase A which 
leads to inhibition of the various functional responses shown 
in Figure 7. 

The potential protective effects of nimesulide on carti- 
lage-degradation may be due to inhibition of the activity and' 
production of metalloproteinases (Barracchini et al., 1998; 
Kullick et al., 2002; Bevilacqua el aL 2004: Manicourt et al.. 
2005), urokina.se (Pelletier et aL 1997). expression of pro* 
inflammatory cytokines (Pelletier et al.. 1997: Fahmi el aL 
2001). increased production of plasminogen activator inhib- 
itor-! (Pelletier et aL 1997) as well as the induction and ac- 
tivity of COX-2 (Di Battista et al.. 2001 ; Fahmi ct aL 2001). 
Nimesulide reverses the inhibitory effects of intcrlcukin-1 
on cartilage proteoglycan synthesis, as well as inhibiting in- 
terlcukin-1 induced production of oxyradicals by cartilage 
and nitric oxide by chondrocytes (Rains ford ct aL 2002). 
Overall, the results from these various biochemical studies 
suggest that nimesulide might have a role in the protection 
of cartilage degradation in arthritic disease (Barracchini ct 
al., I998:1<ul1ick et aL 2002; Bevilacqua et al., 2004; Mani- 
court et al., 2005), in contrast with other NSAIDs some of 
which may accelerate this degradation process (Rainsford 
et aL 1992. Walker and Rainsford. 1997). The therapcuiic 
significance of these observations can be seen in clinical 
studies in which therapeutic doses of nimesulide. but not 
ibuprofen. showed to significantly decrease the serum levels 
of MMP's (Fig. 8), including slromelysin (or matrix mei- 
alloprotease-3. MMP-3) (Kullick et aL 2002; Kalajdzic et 
al., 2002: Bevilacqua et al.. 2004), which may be related to 
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a. NIMESULIOE REDUCES 
SERUM LEVELS OF MMP IN 
OSTEOARTHRITIS 
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Fiu. 8. Actions of nirnesulide in reducing levels of metaJlo- protein- 
ases (MMP's) in the serum of patients with osteoarthritis that had taken 
nirnesulide fa], and of MMP enzymatic activity in vitro \b\. 
a. Based on data from Kuilick ct al. (2002) 
h. lilted on data from Rnrracchtni ct al. (1998) 
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Fig. 9. Summary of the multi-factorial actions of nimesulide involving 
prostaglandin-relaied. and non-prostaslandin-related effects. 
Abbreviations: COX -2, cyclo-oxygenase-2. TNFu. tumour necrosis 
facior-a. Hm. histamine. PAF. platelet activating factor. ROS. reactive 
oxygen species. MMP. mciatloproteinuscfs) 



reduction in the serum levels of hyaluronan (Bevilacqua et. 
aL 2004), and the C-icrminal cross-linking telopeptide of 
collagen II (Kalajdzic et aL 2002) both biomarkers which 
predicts a poor outcome of the osteoarthritis joint disease. 

A recent observation by the Pelletier group concerning 
the effect of nirnesulide in activating die glucocorticoid re- 
ceptor and so producing inhibition of the transcription of 
COX-2 (DiBaUisiael ai" 2001: Fahmi et al., 2001). so inhib- 
iting the translation of the tnRNAs for MMP's and pro-in- 
flammatory cytokines (Pelletier et al., 1999). This may rep- 
resent a novel and far-reaching action of the drug not seen 
with other NSAIDs. Further studies are, however, needed to 
confirm the effects of nirnesulide on glucocorticoid recep- 
tor activation coincident With reduction in expression of the 
mRNA for proteins regulating production of the abovemen- 
tioned inflammatory mediators. 

In conclusion, nimesulide has a range of multi-factorial 
actions in vitro, some of which have been demonstrated ex 
vivo or in vivo in patients (Bennett and Villa, 2000: Bennett, 
2001): these effects are summarised in Figure 9. Many of 
these arc most likely related to core effects in causing inhibi- 
tion of the production and actions of COX-2, cyclic AMP 
and glucocorticoid receptors, which appear to underlie the 
anti-inflammatory activity of nirnesulide. The preferential 
inhibitory effects on COX-2. ex vivo inhibition of phagocyto- 
sis (as an effect related to ROS) and levels of serum MMP-3 
and MMP-8 are actions of the drug that have been shown in 
humans. In models of inflammation in rats, nirnesulide has 
been found to reduce PGE : , TNF u and neutrophil accumula- 
tion in inflammatory exudates thus providing further support 
for the multi-factorial actions in vivo. These multiple actions 
of the drug mean that the expression of anti-inflammatory 
activity is a consequence of regulation of the production and 
actions of a wide range of mediators of inflammation in con- 
trast to the sole dependence of effects on production of pros- 
taglandins from COX-2 activity as observed with NSAIDs 
such as the coxibs. 



Analgesic Activity 

The analgesic activity of nirnesulide is partly due to the 
capability of reducing the activity of the CNS nociceptive 
system with an onset of action consistent with the phar- 
macokinetic characteristics of the drug (Rainsford et al.. 
2005). The well-established increase in prostaglandins in 
the central nervous system (CNS) during pain transmis- 
sion is due to induction and activity of COX-2 ( Yamamoto 
and Nozaki-Taguchi, 1996: Ohtori el al.. 2004: Vciga et al.. 
2004: Hofacker et al., 2005), although ihere is some evi- 
dence that COX-1 may also be involved (Zhu et al., 2003). 
Furthermore, nitric oxide (NO) plays a significant role in- 
cluding mediating sensitisation in the transmission of pain 
in the CNS fSchulte et al., 2003: Schmidlko et al., 2003: 
Tassorelli et al., 2004). Its presence and sustained eleva- 
tion is critical in maintaining central sensitisation whilst the 
inhibition of NOS as well as COX-2 reduces central sen- 
sitisation in pain models. Experimental studies in animal 
models have demonstrated that nirnesulide inhibits COX-2 
and nitric oxide synthases (NOS.) in the spinal cord (Tas- 
sorelli et al., 2003 ) confirming the central action of the drug 
in humans (Sandrini et al.. 2001 . 2002). 

Figure 10 shows the possible modes of action of 
nirnesulide at the level of the dorsal horn which may repre- 
sent a key region of the central nervous system affected by 
the drug. That central actions of nirnesulide are important in 
control of spinal neurotransmission in humans is illustrated 
from the study shown in Figure 1 1 (Sandrini ct al.. 2001). 

Some of the mechanisms of the analgesic actions of 
nirnesulide that have been shown in experimental models 
require niore extensive investigations in humans to estab- 
lish the clinical significance of these actions. However, 
as nirnesulide affects a considerable number of mediators 
involved in both peripheral and central nervous system 
mediation of pain relief in hyperalgesia (Rainsford et al., 
2005). 
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Pathophysiology of Inflammatory Pain : 
Prostaglandin-Related Spinal Mechanisms 




Fig. IU. Pathways involving prostaglandins l principally PGE : J derived 
from eye lo -oxygenases 1 and 2 and their actions in mediating hyperal- 
gesia responses to inflammatory pain in the dorsal horn. Induction of 
COX -2 during painful stimuli amplifies the production of PGII : and with 
this the stimulation of nerves impinging on and mediated from the dorsal 
horn v i;i afferent nerves in the spinothalamic tracts of the central nerv- 
ous system. PGt: : production from activation of dorsal horn neurones 
by afferent inputs from C- and Ao-libres causes (a) release of gluturnatc 
which acta on NMDA and non-NMDA receptors, ami t'bj release of 
substance P which acts on neurokinin-! receptors (NK-I). The activa- 
tion of these receptors leads to increased flux of Ca" ions that activate 
phospholipasc-A} which in turn hyclrolyzcs phospholipids and release of 
araehiilonic acid which serves as a substrate for COX- 1 and COX-2. 
Nitric oxide synthase of* the neuronal type, nNOS. is also activated and 
the nitric oxide produced during neural stimulation contributes to the 
activation of afferent pathways. 

Nimesulidc inhibits release of PGE 2 and NO and so modulates neural 
transmission at the level of the dorsal horn. Whether -sufficient concen- 
tration of the drug reach the dorsal horn to block COX- 1 is not known. 
PGBt production from accessory cells (e.g. microglia, astrocytes) and 
endothelial cells also contributes to the cycle of activation of dorsal horn 
cells, hom Bianchi el al. (2005); unpublished figure. 



The Inst onset of pain relief which is evident 15min af- 
ter oral intake of the drug is evident from studies in human 
volunteers where the spinal nociceptive transmission was 
determined after intake of nimesulide compared with pla- 
cebo (Fig. 11) (Sandrini et al., 2001, 2002). These observa- 
tions are paralleled in humans by the reduction of pain from 
ingestion of nimesulide which was apparent after ISrnin 
from the administration, with a statistically significant su- 
perior onset of action being apparent versus the comparator 
drugs (Fig. 12) (Bianchi and Broggini, 2002). 

In addition to affecting production of spinal PGE 2 
nimesulide appears to influence the actions of NO in neu- 
ral transmission (Sandrini et aL 2002). Undoubtedly, the 
rapid onset of analgesia by nimesulidc is linked to the 
pharmacokinetic properties of the drug. Thus, after oral 
administration of 50 to 200 mg nimesulide tablets to healthy 
volunteers, plasma C n;ix values, ranging from 2.0 to 9.9 mg/ 
L. are achieved quile rapidly within 1.7 to 3.2 h (Bernar- 
eggi. 1998). Studies in rheumatic patients have shown that 
relatively high nimesulide concentrations are present in 
inflamed synovial tissues and at earlier times than plasma 
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Fig. 1 1. Effects of nimesulide compared with placebo on spinal nocicep- 
tive transmission in human volunteers. From Sandrini el al. (.2001). 



PID (Pain Intensity Difference) Changes 
Following Treatment with Nimesulide, Mefenamic 
Acid and Placebo 
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Fig. 12. Pain Intensity Difference (PID) Scores following denial surgery 
over a 6h period following oral ingestion of 100 or 200 mg nimesulide 
compared with a comparable analgesic/ami -inflammatory dose ot 
mefenamic acid and showing superior effects of boili these NSAID? 
over placebo. 

The dental surgery pain model is one of the frequently used human 
pain models which are very responsive to KSAlDs and analgesics. The 
effects of NSA IDs have been found to relate to inhibition nf PGK 2 . sub- 
stance P and other mediators of acute i nil animation. 
From Ragot et al. (1994). 

peak times (Ligniere et al., 1990). The rapid accumulation 
in synovial fluids is also accompanied by rapid reduction in 
synovial fluid concentrations of PGE 2 (Duffy et al., 2003). 
thus indicating the synovial fluid pharmacodynamics of 
nimesulide coincides with the expression of pharmacologi- 
cal actions of the drug. 



Best Available Copy 



1 2S 

There is. however, evidence of reduced bio-equivalence 
of some copy and generic versions of nimcsulide dial can af- 
fect the pharmacokinetics of the drug compared with thai of 
die original formulation of nimesulide (e.g. Aulin*) (Maroni 
and Gazzaniga. 2005. Any reduction in bioavailability of 
nimcsulide would be expected to result in lower efficacy. 
A gel formulation of nimesulide has been found to have 
pharmacokinetic properties like that of diclofenac gel with 
comparable absorptive properties that favour local applica- 
tion to inflamed tissues and joints (Sengupta et aL 1998: 
Bianchi etaL 2005). 

Clinical Applications 

Over 200 clinical trials have been conducted in more than 
90.000 patients with nimesulide in a variety of acute and 
chronic inflammatory and painful conditions (Ward and 
Brogden. 1988; Rabasseda, 1996; Anonymous. 1998: Bi- 
anchi et aL 2005). 
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Fig. 13. Onset of pain relief in knee osteoarthritis from oral nimesulide 
compared with celecoxib and rofecoxib. 
Prom Bianchi and Broggini (2003). 
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The rapid unset of action of nimesulide is particularly evi- 
TleirruTa^rielv of painfulToTTititions \vhere^rcutTrrnfla"ninTii~ 
lion is the most predominant component. Thus, nimesulide 
has been shown to consistently reduce pain and where 
studied the inflammatory reactions and found to be superior 
to placebo and comparable or in some cases better that refer- 
ence NSAIDs in (a) the treatment of soft tissue injuries and 
extra-art icular trauma (where the gel formulation also gives 
good pain relief) (Ward and Brogden, 1988; Calligaris et al., 
1993; Dreiser and Riebenfeid 1993a. 1993b: Lecomte et aL 
1994; Jenoure et al., 1998; Dhaon et al.. 1998. 2000), (b) 
various ear. nose and throat (ENT) inflammatory conditions 
(e.g. otitis, sore throat) (Milvio. 1984; Bianchini et al.. 1993; 
Oliavani et al.. 1993). (c) dental surgery (Cornaro, 1983: 
Ferrari Parabita el al.. 1993; Pterleoni et al.. 1993; Ragol 
et al.. 1993, 1994; Scolari et al, 1999; Bracco et aL. 2004), 
(d) odonto-stomatological pain (Salvalo et al., 1984; Bucci 
et al.. 1987: Moniaci et al., 1988) and (e) a range of post- 
operative conditions (Stetanoni et al.. L990; Ramella el al.. 
1993: Binning. 2004). In the dental pain model nimesulide 
demonstrates rapid onset of action and is more potent than 
comparable doses of mefenamic acid and placebo (Fig. 12) 
(Ragot et al.. 1994). In this model it is of interest to note that 
thepaitvrelieR;measu^^ 

Scores were the same over the time interval up to 6hrs fol- 
lowing lOOmg compared with 200 mg nimesulide, suggest- 
ing there the lOOmg dose is adequate (Pierleoni et aL 1993). 
These observations can be related to the non-linear plasma 
kinetics of the drug which deviates above 100 mg dosage 
(Bernarcggi, 1998). 

in all the studies involving investigation of acute pain 
nimesulide has been as effective as effective as the most 
widely used NSAIDs (e.g. naproxen, ibuprofen. diclofenac, 
mefenamic acid and celecoxib and rofecoxib) where it 
frequently showed superior or similar efficacy but with 
evidence of a better CI tolerability (Bianchi and Broggini, 
2002,2003). 



2. Pain and Joint Inflammation in Osteoarthritis 

NSAIDs are among the mostly widely-used drugs for the 
sy in p l o m at ic~~t re aim en t~of~priiTTfirl osteoai ihritiTrffeiiTi-aTrd- 
Buchanan. 2005). The recommendations for therapy of pain 
and joint inflammation in this condition by the American 
College of Rheumatology. Subcommittee on Osteoarthritis 
Guidelines in 2000 (Kean and Buchanan. 2005) state that: 

1. Paracetamol may give pain relief in mild osteoarthritis, 
but NSAIDs are more effective. 

2. NSAIDs are superior to paracetamol in more severe oste- 
oarthritis. 

3. Paracetamol can be dangerous in patients with a history or 
current alcohol abuse or other liver injury. 

4. Paracetamol can (in high doses) cause GI bleeds and ul- 
cers. 

Thus. NSAIDs are considered as a valid alternative to the 
first choice treatment, paracetamol, with particular reference 
to Hares up when the first choice treatment may result inad- 
equate. The critical point is to choose an NSAID with a low 
GI risk. This is where nimesulide has a place in therapy of 
osteoarthritis. 

As noted earlier nimesulide has been found to have 
relatively rapid onset of analgesic action in hyperalgesia in 
_ _hu in an s -when-co mpa red-wi th-waii^s tahlis hed-NS AlDs-s uc li- 
as diclofenac and the two coxibs, celecoxib and rofecoxib (Bi- 
anchi and Broggini, 2002). In osteoarthritis, nimesulide also 
has a rapid onset of analgesia in comparison with the celecox- 
ib and rofecoxib (Fig. 13) (Bianchi and Broggini, 2003). 

In addition to producing rapid pain relief, the action of 
nimesulide in arthritic joints such as the inhibitory activity 
on COX-2 and NO activity, the prevention of cytokinc-in- 
duced cartilage degradation compared with other NSAIDs, 
ihe oxyradical-scavenging activity, and inhibitory effects on 
apoptosis give a credible basis for the use of nimcsulide in os- 
teoarthritis (OA) and other musculoskeletal joint diseases and 
trauma states in relation to effects on joint functions (Rains- 
ford et aL 2002 : 2005: Bianchi et al., 2005). Aside from this 
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pharmacological rationale there is also a large amount of data 
on the clinical effectiveness of uimesulide have been obtained 
from studies in a variety of experimental designs, among them 
placebo-controlled and double blind studies and large-scale 
including post-marketing evaluations (Fossaluzza and fvlon- 
lagnanU989; Pochobradsky ct al., 1991: Blardi ct al.. 1992: 
Dreiser and Riebenfeld 1 9.93b; Estcvezei al.. 1993: Bourgeois 
ct al.. 1994; Luckcr ct al.. 1994; Quattrini and Paladin. 1995: 
Porto et al.. 1998: Roy et aL 1999: Sharma et al.. 1999: Husk- 
isson ct al.. 1999: Zgradic. 1999: ICriegcl ct al.. 2001; Fiora- 
vanti et al.. 2002; Bianchi and Broggini. 2003; Herrera and 
Gonzales. 2003; Omololu ct al.. 2005: Bianchi ct aL 2005). 

In these studies uimesulide significantly reduced the signs 
and symptoms of OA with an efficacy at least comparable to 
the reference drugs, including etodolac (Luckcr et al., 1994). 
diclofenac (Estcvcz et al.. 1993; Porto et al., 1998; Hu ski-son 
et al.. 1999; Zgradic 1999: Omololu et al., 2005). ketopro- 
fen (Dreiser and Riebenfeld, 1993b), naproxen (Fossaluzza 
and Montagnani. 1989: Quattrini and Paladin, 1995; Kriegel 
el al., 2001; Fioravanti et al., 2002), piroxicam (Drieser and 
Riebenfeld, 1993b; Sharma et al.. i 999) as well as the coxibs, 
celecoxib (Bianchi and Broggini. 2003) and rofecoxib (Bianchi 
and Broggini. 2003: Bourgeois et al., 1994)). Of particular im- 
portance is that several studies (Blardi et al., 1992; Bourgeois 
et al., 1994; Porto et aL 1998; Wober. 1999) have shown the 
relative i-sa-fel-y-of the drug, especially in relation to the. gastro- 
intestinal tract (Porto et aL 1998) and economic advantages 
(Liaropoulos. 1999; Tarricone et aL 2001) of nimesulide in 
the treatment of osteoarthritis as well as oilier musculoskel- 
etal conditions (Wober. 1999; Pohjolainen ct al.. 2000). 



J. Primary Dysmenorrhoea 

The use of NSAIDs in the treating primary dysmenorrhoea 
is particularly indicated as this painful condition is directly 
linked to modification in prostaglandin production and af- 
fects over 50% of all menstruating women (Ylikorkala and 
Dawood, 1978; Jamieson and Steege, 1996: Harlow and Park. 
1996; Smith. 1997; Coco, 1999). NSAIDs are well established 
therapies for the relief of menstrual cramps and other symp- 
toms of primary dysmenorrhoea (Coco. 1999: Dawood. 1988. 
1993; Stones and Mountfield, 2000). In a number of studies 
nimesulide has been found to reduce pain and menstrual symp- 
toms (Moggian et aL 1986; Pulkkinen. 1987. 2001: Lopez 
Rosalcs ct aL 1989: Pulkkinen ct aL 1992: Pirhonen et al.. 
1995: Melis et aL1997: Facchinetti et al., 2001). Moreover, 
studies in mo re than 1400 women, ov er 1000 of which trea ted 
with nimesulide. widely document the activity of nimesulide 
in decreasing the intrauterine pressure. Doppler assessment of 
arterial blood flow and the reduction of PGF 2u ; the latter plays 
a key role in the pain perception (Pulkkinen, 1987: Pulkkinen, 
et al. L992; Pirhonen and Pulkkinen, 1995). Rapid onset of 
pain relief was observed with nimesulide in comparison with 
other NSAIDs, e.g. diclofenac (Facchinetti et a!., 2001 J. 



4. Headache, ENT infections, Fever and Minor Fain States 

Like other NSAIDs (Rainsford. 2004b) nimesulide has well 
documented evidence for relieving symptoms associated 



with migrainous and non-migraine headaches, upper respi- 
ratory tract, ear nose and throat infections with associated 
fever, as well as in minor pain states (Reiner and Massers, 
1984; Reiner et aL 1985: Antonelli et aL 1993: Cuniclti el 
aL 1993; Giacovazzo et aL, 1993: Zuckermann et aL 1993: 
Goyal et aL 1998: Ncimark ct aL 2004) (also reviewed in 
Bianchi et aL 2005). A particular advantage in the respira- 
tory conditions is the relatively low likelihood of asthmatic 
and other allergic reactions with nimesulide (Bianco et aL 
1993. Senna eral.. 1996; Bianchi et aL 2005). 



5. Cancer Pain 

NSAIDs represent the first step in the World Health Or- 
ganization guideless for stepwise analgesia in cancer pain 
(Rainsford, 2004b) Nimesulide has been shown to have 
analgesic activity in various cancer pain states, with activ- 
ity that is comparable with that of established NSAIDs such 
as diclofenac and naproxen (Vcmafridda ct al.. 1990; Gal- 
lucci et aL 1992; Corli et aL. 1993;Toscani et aL 1993). Of 
particular value is the use of the suppository formulation of 
nimesulide which as shown in a study by Corli et al. 1 1 993) 
to have a rapid onset and sustained pain relief. 

There is much interest in the potential for NSAIDs to pre- 
vent the development of cancer (Ulrich.et aL 200.6).. Recent 
studies in experimental models suggest that uimesulide may 
have the potential for cancer chemoprevention in colorectal 
and lung cancers (Rainsford, 2005a). head and neck cancer 
(Lin et al., 2002) and from topical application in oral cancers 
(Sood et al.. 2005). There are multiple actions of nimesulide 
on cancer cells including its inhibitory effects on COX-2 
activity, signal transduction pathways, augiogenesis and 
selective activation of apoptosis that may be implicated in 
arresting cancer cell growth and prevention of the spread of 
tumours (Rainsford. 2005a). A recent report indicated that 
nimesulide nimesulide has inhibitory effects on oestrogen 
metabolism by aromata.se activity in breast cancer cells 
which may have significance for prevention of breast cancer 
(Brueggemeier et aL 2005). 

.5. Conclusions 

The extensive studies and over 20 years of successful clini- 
cal use of nimesulide in treating musculo-skelcial and acute 
and chronic pain states has shown the drug exhibits rapid and 
sus taine d contr ol of inflammation and pain. 



Adverse Reactions and Relative Safety 

Several reviews have been published in recent years on the 
adverse reaction profile of nimesulide in comparison with 
that of other NSAIDs (Rainsford, 1996, 1998. 1999b. 2001: 
Bianco etaL 1993; Senna ct al., 1996: Conforti et al.. 2001 ; 
Lanas 2001: Boclsterli. 2002a. 2000b: Traversa ci aL 2003. 
Laporte et al, 2004). These studies show that nimesulide 
has, overall, a pattern of organ reactions similar to that from 
other NSAIDs. though there are quantitative differences in 
the incidence of adverse reactions. 



Best Available Copy 



K. \X Rainsford fnjtitnimnphantiacnh»y 




OGI ■ Hepatic DSkin&lmmune ■ Cardiac& Vascular □ Renal B Nervous & Psychiatric □ Others 



Fig. 14. Adverse Drug React As (ADRs). both serious and non-seriouf . from nimesulide by body system reported in the main countries where this 
druphns beeu-marketedr Franftj-aniason el-al. (-2005). * 



•$ A comprehensive review was recently undertaken by 
Bjarnason anil co-workers (2005) of all aspects of the 
relative safely and the mechanisms that ate understood to 
underlie the adverse reactions from nimesulide. .The data,, 
reviewed was derived from (a) epidemiological studies, 
(b) spontaneous reports of adverse drug reactions (ADRs) 
reported to Helsinn Healthcare SA. the WHO Nimbus 
Database and in published reports, (c) controlled clinical 
investigations in human volunteers and patients, (d) studies 
in laboratory animal models in vivo involving conventional 
lexicological and bioassays or pharmacological investiga- 
tions designed to establish mode of action in relation to 
known adverse events (e.g. gastric acid secretion, param- 
eters of renal function), and (e) in vitro studies in cellular or 
tissue systems, molecular biological and biochemical and 
molecular studies investigating mechanisms of toxic reac- 
tions or physiological functions in target organs wherein 
adverse events are known to occur. Detailed review of these 
investigations is found in Bjarnason et al. (2005) to which 
zthe^:ea<tet=t±±Hrfe£-tedi^ 
adverse reactions and toxic effects in the major organ sys- 
tems are summarized thus: 



f / J Overall pattern of adverse reactions 

Figure 14 shows the overall pattern of serious adverse 
reactions in the main countries where nimesulide has been 
marketed by Helsinn Healthcare SA since the introduction 
of die drug in 1985. The majority of reactions have been 
in the skin and immune systems with, fewer being evident 
in the Gl, hepatic and renal systems; this is at variance with 
the pattern observed with classical NSAlDs. where ADRs 



in the Gl system usually predominate (Rainsford and 
Velo 1984, 1985; Rainsford. 1996, 1998. 1999a. 2001: 
McGeit.igan et al., 2000: Lanas. 2001: Laporte et al.. 
2004). 



(2) Gastrointestinal tract: 

Serious Gl events from nimesulide are rare, in the past 
5 years these have averaged 1.1 cases per 10 6 treatment 
courses (Bjarnason et aL 2005). Serious Gl ADRs comprise 
15.7% of all reports of which 4.4 ^ were fatal but possibly 
riot due to the drug. Pharmaco-epidemiological studies in 
case-control, cohort or hospitalization studies have given 
risk assessments (Relative Risk or Odds Ratios) of 1.2. 2.0 
and 4.0 respectively with reference drugs excepting ibupro- 
fen (for which the values are comparable) exceeding these 
by 2-5 fold. 

Gastro-duodenal endoscopy and intestinal permeability 
tudies-ha ve-^hQwn-thut-ni mssu h de— l^QQme -b^.-prQdu 



little if any Gl damage (Bjarnason and Thjodleifson. 1999). 
This contrasts with naproxen 500 mg b.i.d. or other con- 
ventional NSAlDs. which all produce visual evidence of 
gastroduodenal damage and with the former increased in- 
testinal permeability and inilarnmation. As noted earlier in 
the section on pharmacological studies these low Gl effects 
of nimesulide can be related to sparing of gastric mucosal 
and plasma COX- 1 combined with its properties of control- 
ling histamine release from mast cells, apparent anti-acid 
secretory activity, inhibitory effects on leucocyte emigration 
and activation, antioxidant activity and possibly effects on 
the production and actions of proinflammatory cytokines. 
Data from studies in experimental animal models strongly 
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supports the epidemiological data showing that nimesulide 
has a relatively low risk of serious GI reactions especially in 
comparison with other NSAlDs. 

(2) He pa lie 

F tcpMiQ-hiliarv. disordcrs associated with nimesulide account 
tor 14.3% of all serious ADRs, while abnormal laboratory 
findings comprise 6.6% of these, principally abnormal livcr 
[ unction tests. Like other NSA.IDs, nimesulide is infrequent- 
ly associated with elevation of the liver transaminases ( ALT. 
AST. y-GT), and less so with liver function tests (ALP, free 
and conjugated bilirubin) and. rarely, cholestatic jaundice. In 
most cases cessation of the drug results in restoration to nor- 
mal of elevated liver transaminases and liver function tests 
(Bjarnason et a!.. 2005). 

In pharmaco-epidemiological studies (Traversa et ah. 
2003) the occurrence of hepatopathy from nimesulide is at 
the upper end of the range compared with NSAIDs. The rela- 
tive risks are in the range of 1.3-1.4. Most cases have con- 
founding factors (other hepatotoxic drugs or liver diseases) 
I Rainsford. 1998. 1999b; Boelsterli etlil., 2002a, 2002b). 
( Thgh concentrations (up lo 100umol/L) of nimesulide, its 
metab olites and manufacturing impurities have not been"* 
f ound to cause-direct cyto tp xic damage to -It ver-cells-:in-cui - 
lure (Rainsford et aL 2O0f), although incre ased cel l damage 
is evid ent when paracetamol or other hepatotoxic dr u gs are 
present ( K D Rainsford. unpublished studies). T hus it is u n- 
fTkc I y that the drug or its metabolites have direct actions o n 
liver c ells, it is possible that the liver reactions attributed to 
nimesulide arc idio syncratic (Bo elsterli, 2002b). Consider- 
ate evidence eVislsto show that most liver ADRs have been 
in patients that have taken hepatoxic drugs and/or have liver 
diseases. 

The formation of nitroso or hydroxylamine reactive me- 
tabolites of nimesulide has been suggested to be responsible 
for the liver damage from the drug (Boelsterli, 2002b), like 
that of reactive metabolite injury from diclofenac, paraceta- 
mol and other hepatotoxins (Boelsterli, 2002a). There is no 
evidence to support this reactive metabolite hypothesis of 
cell injury by nimesulide. Reduction in mitochondrial ATP 
and other functions has been observed with nimesulide fol- 
lowing administration of high doses of the drug to rats. This 
phenomenon is related to uncoupling of oxidative phospho- 
rylation like that observed with acidic NSAJDs and might 
account for the development of liver injury by these drugs. 
^R^ustiOT-rn^Tl^may-initrate^ 



(3) Renal 

Renal and urinary tract disorders comprise 4.7 % of all ADRs 
reported and are rare. These resemble those encountered 
with other NSAIDs (Bjarnason et aL 2005) They include 
tubular and interstitial nephritis, nephritic syndrome and 
renal failure. 

Inhibition of renal prostaglandin production accounts for 
the transient physio-pathological renal effects of the drug on 
electrolyte balance, water impairement, and renin produc- 
tion: these bcina similar to those of other NSAIDs. Renal 



ADRs that appear in the elderly are related to impaired renal 
clearance of the drug. 



(4) Cutaneous and allergic read ions 

Nimesulide is frequently associated with minor skin reac- 
tions (erythematous rashes, uricaria etc); these being akin to 
those with other NSAIDs (Rainsford, 1992) Stevens-John- 
son and Lycll's syndromes have been rarely reported; the oc- 
currence of these reactions may be lower than observed with 
other NSAIDs. Intolerance to nimesulide is rare in patients 
with pseudo-allergic reactions to other NSAID and aspirin- 
sensitive asthmatic patients (Bianco ct aL 1993: Senna et 
aL 1996). 



(5) Cardiovascular system 




with most NSAIDs and could be related to COX-2 inhibition 
(Khanna et aL 2005; TopoL 2004; US Fond and Drug Ad- 
ministration, Joint Meeting of the Arthritis Advisory Com- 
mittee and the Drug Safety and Risk Management Commit- 
tee. 2005a: US Food and Drug Administration FDA Public 
Health Advisory, 2005b). 



(6) Role of Pharmacokinetics 

The role of pharmacokinetics of nimesulide in determining 
adverse reactions and toxicity has been reviewed (Rainsford, 
1999b; Bemareggi and Rainsford, 2005). The likelihood of 
drug accumulation upon repeated dosage (i.e. after steady 
state levels of the drug have been achieved at 7 days) in 
elderly patients without hepato-renal conditions is rare. As 
shown in Figure 18 the clearance and volume of distribu- 
tion of nimesulide is unaffected by age. Furthermore, there 
are no differences in pharmacokinetic parameters between 
iih c^s e L\ c fe i g iiLJ L^ 2005 .) s uch— 

as observed with some NSAIDs (e.g. the salicylates (Rains- 
ford, 1996, 2004). Of the drug interactions those affecting 
pharmacokinetics include the reduction by nimesulide in the 
bioavailability of furosemide when taken with nimesulide 
concomitant with reduction in the natriuretic and. to a lesser 
extent, the kaliuretic effects of this drug (Bemareggi and 
Rainsford, 2005). The pharmacokinetics of warfarin, digoxin 
(in patients with mild congestive heart disease), theophylline 
and glybencamide arc mostly unaffected by nimesulide and 
vice versa (Bemareggi and Rainsford, 2005). Prothrombin 
times during treatment with warfarin or acenocoumarol 
are unaffected by nimesulide (Rainsford, 1999b). Reduced 
plasma levels of theophylline have, however, been found in 
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patients with chronic obstructive lung disease that received 
nimcsulidc (Rainsford. 1999b). Cimetidine and antacids do 
not affect the bioavailability of nimesulide (Bemareggi and 
Rainsford. 2005) possibly because the ionisalion of the drug 
in the stomach is not an issue for its absorption. Some drugs 
affect the protein binding of nimcsulidc but probably these 
are not sufficient to be of clinical significance. These obser- 
vations suggest that there arc few significant drug interac- 
tions between nimesulide and other drugs that may be taken 
by patients with osteoarthritis or other musculo-skeletal con- 
ditions. 



Benefit/risk profile 

Based on what has been discussed above the following con- 
clusions can be drawn on the overall benefit/risk profile of 
nimesulide. 

The therapeutic benefits of nimesulide have been com- 
pared with both placebo and the most widely used NSAIDs 
for the main approved indications, including acute pain, 
treatment of painful osteoarthritis and primary dysmenor- 
rhoea. NMmesulide proved to be a valid alternative to other 
NSAIDs, with a similar or even superior clinical efficacy 
characterized by a fast onset of action. 

As evident in the safety section, nimesulide shares the 
characteristic side effects of NSAIDs, such as GK skin, renal, 
hepatic reactions. Like other drugs in the class, the occur- 
rence of adverse reactions suggesting hypersensitivity com- 
prises a significant proportion of the total reactions. Analysis 
of the incidence of all adverse reactions from the available 
data confirms this to be in line with the class. In particular it 
can be affirmed thai the incidence of upper Gl perforation, 
bleeding and ulceration is low and that nimesulide is proba- 
bly less prone to produce gastrointestinal bleeding than other 
NSAIDs. Incidence rale is similarly low fur renal, serious 
skin and hepatic reactions. 

Data on post marketing surveillance confirms that there 
is not signal of any changes in the clinical characteristics of 
listed serious and non-serious adverse reactions overtime or 
of any potentially 'new 5 adverse reactions or new signals 
related to nimesulide. This, together with the evidence from 
clinical studies, allows confirming that the favourable and 
invariant benefit risk profile of nimesulide. 
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Abstract " million outpatient visits ancl/fhree quar- 

Orijective: To estimate the prevalence of tradi- ; - ters of a million liospitalizations-.anhually 
tionai risk factors for cardiovascular disease (GVD) 1 &m attributable to arthritis arid its tneat- 
among US adultV'with osteoarthritis (OA). . riient, with associated direct medical care 

/Methods: Using survey data from the Third • costs of $15 billion. 12 Estimate's of lost 
National ? Health and Nutrition Examination ^ {froductivity and other indiiect*"£OSts of 
S : urv£y'f'*we 'estimated the prevalence of. selected. arthritis have been estimated to b'e-a^high 
CVD/Js'l? factors among a US OA and nonarthritic :.' % $50 bi u ion annuallv. 12 The clinical and 
jadulrpopuiation. In additional analyses, we strati- j . ^ onomic burdens of arthritis' in 1 the' 
.fiedthefsample by gender and age.@5-44. 45-64,.;, -; Unked States are expecte d to increlse as; 

\an& 65+ years) to further understa'ndtthe CVD risk; ' , . . . » ,j 

; ffr.f»ea . £ ... . . ?j; tt ... r the general, population ages; an? estimated 
Iprofile m an arthritic population and, nonarthntic . ; . yr & . . & . 1 „A. V . j 

, L , , 7 , - t . - 60 million Americans (nearlv 20% of the; 

{population. 'Relevant data on each survey partici- ; ■^■ < v • ■ r >■ 

ipant^demoVaphics, arthritis' status,,CVD risk fac- .population) are projected to have arthritis^ 

torsrandsampling weights were obtained from the by 2020, of wliom approximately one fiftrj 

surve.yldatabase. ; ; ' .*■ 0 or 12 million people) will experience 

\ Results: df the 115.9 millidn^US adults aged:;; nieaningful^acti\4ty limitation: / 
>35 y^pg\2*4)3 million (21%)" Have -OA Hyper- 5 There is credible evidence that people 

tensiorfts prevalent in approximately;40% of^OA'' ; with osteoarthritis (OA) and rheumatoid 

patientsr20% of the patients smo^afyi ■ 1'1 % have Arthritis (RA) are at higher risk Man/the 

diabetes. -Prevalence of high total cholesterol is general population for. several comorbid 

estimated to be 32%, while prevalence of' low **& ^ t.^ ':. ■ .s .V / , 

\ ,Jr •/ , , - - a -.p -conditions; particularlv .cardiovascular 

hieh-density lipoprotein cholesterol isVestimated ;at > n ,^ () .$ » r , * ---v .... ./ . 

n-To/ a * > ^/ • disease (CVD). Moreover, there is an 

13%. Approximately 37%. of OA patients are esti- r \ , 

. . t ^ . \ v;^ Qr , t i oee t u n 10/ established bodv or research suggesting 

mated to have renateimpairment, but less than 1% - a - v - 00 0 

suffer from renal fafluref * that age-adjusted mortality risk is higher 

Conclusion: National survey data suggest that, amonj^RA patients relative to the general 

on average, US adults with OA.Kave.a-high preva- • porjulatidn/" 1 ' 

lence of cardiovascular risk factors; These findings. . The etiology of the. association between 

highlight the need to consider.ria^ not fully understood. 



when selecting the appropriate trratmeritrpptions. : Various "theories about the relationship 
(Am}ManagCare.2002;8:S383rS39J^^ ^ put f on \^ ; n reC ent Studies, 

. most of .which are based on the premise 



that patients with arthritis are at 

Arthritis is a widely prevalent, dis- advanced risk for development of CVD by 
abling disease that places substantial virtue of their unfavorable risk factor pro- 
demands on healthcare resources. file. However, there is inherent difficulty 
It has been estimated that as many as 44 in sorting out the relevant causes of GVD 
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in arthritis patients as they differ from the 
general population in many aspects. 
Changes in body mass composition, 
changes in lipid profile associated with 
medication use (eg, glucocorticoids), and 
activity limitations resulting from chronic 
joint disease may all play a role in 
increased GVD risk. 18 * 19 -Some investiga- 
tors believe that vascular inflammation 
associated with increased levels of thiol 
compounds and C-reactive protein, as well 
as peroxidization of low-density lipopro- 
tein, may play a significant role in GVD 
pathogenesis in patients with arthritis. 18,20 
Medications taken for arthritis-related 
conditions have also been implicated for 
either directly or indirectly leading to ath- 
erosclerosis. 18 21,22 The most commonly 
implicated drugs are glucocorticoids 
(chiefly, prednisone), which can increase 
serum lipids and glucose levels and induce 
hypertension. 23 Methotrexate, another 
commonly prescribed arthritis medica- 
tion, has been shown to increase serum 
homocysteine levels. 23,21 

Although national estimates of OA and 
RA prevalence have been reported, 13 ' 1 to 
the best of our knowledge the prevalence 
of GVD risk factors among such people has 
not been estimated to date. To this end, 
the government-sponsored database on 
the health status of the US population— 
the Third National Health and Nutrition 
Examination Survey (NHANES III)— was 
used to develop national estimates of the 
prevalence of selected cardiovascular 
risk factors among adult patients with 
self-reported OA and a nonarthritic US 
adult population. 



•MATERIALS AND METHODS 

Data Source 

We estimated the prevalence of selected 
CVD risk factors among US adults aged 
>35 years by diagnosis, gender, and age 
category (35-44, 45-64, and 65+ years) 
using survey data from NHANES III. 2 " 

NHANES is one of the major programs 
in the series of health-related studies con- 
ducted by the National Center for Health 
Statistics, part of the US Centers for 



Disease Control and Prevention, over the 
past 35 years. NHANES is designed to 
assess the health and nutritional status of 
adults and children in the United States 
through interviews and direct physical 
examinations. The survey is unique in 
that it combines a home interview with 
physical examinations and a variety of 
diagnostic and laboratory tests conducted 
in a mobile examination center. NHANES 
III, which was conducted from 1988 to 
1994, included approximately 40 000 
people aged >2 months selected from 
households in 81 counties across the 50 
US states. Using a complex, stratified, 
multistage probability cluster sampling 
design (with oversampling of young chil- 
dren, older people, blacks, and Mexican 
Americans), the survey yields nationally 
representative information on the health 
and nutritional status of the civilian, non- 
institutionalized US population. Physical 
examinations and objective measures are 
employed when information cannot be 
furnished or is not available in a standard- 
ized manner through interviews or 
through records maintained by the health 
professionals who provide medical care to 
survey respondents. 23 ' 2 ' 

The 4 data files representing the major 
components of NHANES III are adult 
household, examination, laboratory, and 
dietary recall; more than 5000 data ele- 
ments are collected- One section of the 
household adult questionnaire asks 
respondents to note whether a physician 
has told them that they have OA or RA, 
and when they were first told that they had 
the condition. Other sections of the ques- 
tionnaire focus on diabetes, high blood 
pressure, GVD, musculoskeletal condi- 
tions, gallbladder disease, kidney condi- 
tions, respiraton- and allergy conditions, 
vision and hearing, and dental care. 
Histories of smoking and chewing tobacco 
use are recorded on both the home adult 
questionnaire and examination question- 
naire, while history of alcohol use is asked 
on the examination questionnaire. Other 
NHANES sections pertain to exercise, nutri- 
tion assessment, medicine/vitamin use, bio- 
chemistry values, and physical exam 
results. Biochemistry data collected con- 
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sist of hematologic tests, general biochem- 
istry tests, urine tests, antibody tests, and 
diabetes testing profile. The physical exam 
consists of a physician's exam, dental 
examination, allergy skin test, audiome- 
try, spirometry, bone densitometry, gall- 
bladder ultrasonography, and fundus 
photography. 2 ' 26 

CVD risk factors examined in this 
study, as derived from the Household 
Adult Questionnaire (HAQ) and 
Laboratory Data File components of the 
NHANES HI database, include systolic 
blood pressure (SBP) and diastolic blood 
pressure (DBP), total and high-density 
lipoprotein (HDL) cholesterol, physician- 
diagnosed diabetes mellitus, renal impair- 
ment or failure based on serum creatinine 
levels, and current cigarette smoking. 
Arthritis status was derived from the 
arthritis section of the HAQ as described 
above. Smoking status was derived from 
the question, "Do you smoke cigarettes 
now?" Diabetes mellitus status was derived 
from questions asking respondents 
whether a doctor had ever told them that 
they have diabetes. All other risk factor 
data were obtained from the NHANES III 
Laboratory Data File. Hypertension as a 
CVD risk factor was defined as SBP 
>140 mm Hg or DBP >90 mm Hg, as 
defined by current National Institutes of 
Health Sixth Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNG VI) guidelines. 28 Renal 
impairment and failure were defined 
respectively as serum creatinine levels 
exceeding the upper limit and twice the 
upper limit of normal (ie, >1.5 mg/dL and 
>3 mg/dL, respectively), which reflects the 
methods of the Massachusetts General 
Hospital. 29 

Statistical Analyses 

Prevalence (stated as percentages) and 
associated 95% confidence intervals (CIs) 
were estimated for each CVD risk factor 
among an OA and a nonarthritic popula- 
tion. Gender- and age-stratified preva- 
lence rates were also estimated for each 
population. SUDAAN® statistical analysis 
software (Research Triangle Institute, 



Research Triangle Park, NC) in conjunc- 
tion with Statistical Analysis System 
(SAS) Release 8.02 (SAS Institute, Cary, 
NC) were used for these analyses. 
SUDAAN is specifically designed for analy- 
sis of cluster-correlated data from surveys 
such as NHANES III that involve multi- 
stage sample designs. Robust variance 
estimates are generated that account for 
intracluster correlation, unequal weight- 
ing, stratification, and without-replace- 
ment sampling. To provide estimates that 
were representative of the US population, 
analyses of each data element incorporat- 
ed sampling weights obtained from the 
NHANES III database. These weights 
account for the unequal probabilities of 
selection resulting from the cluster design, 
the planned oversampling of certain 
demographic subgroups, and nonresponse 
adjustment factors based on US Census 
Bureau data on age, gender, race, income, 
and geographic location of the US popula- 
tion. 2627 Since our investigation focused 
on interval estimation rather than on 
hypothesis testing, no tests of statistical 
significance were undertaken. 



-RESULTS - ■ 

Prevalence Estimates 

Osteoarthritis. Of the 115.9 million US 
adults aged >35 years, 24. 3 million (21%) 
have OA (95% CI, 22.1 million-26.6 mil- » 
lion) (Table 1). Nearly two thirds of these 
people are women. Prevalence rates of OA 
increase with age in both genders. 
However, the ratio of females to males with 
OA increases with advancing age, from 
1.32:1 among people aged 35 to 44 years to 
1.88:1 among people aged >65 years. 

Table 1 also shows that the nonarthrit- 
icpopulation is considerably younger than 
the OA population. Over 47% of OA 
patients are older than 65 years, com- 
pared with only 19% of those in the 
nonarthritic population. In addition, there 
were gender differences between the arthri- 
tis and nonarthritic populations; nearly 
63% of the OA population was comprised 
of women, compared with only 49.9% of 
the general nonarthritic population. 
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Table 1. Estimated Numbers of US Adults Aged >35 Years With Osteoarthritis, by Gender and Age 



Gender and Age (Years) 


Osteoarthritis 
Percentage of People (95% CI) 


Genera! Population Without Arthritis 
Percentage of People (95% CI) 


\ ii #~\ 
All (n) 


24 345 370 


(22 110 212-26 580 528) 


85 800 548 


(78 999 986-92 601 110) 


35-44 


13.30 


(11.79-14.56) 


41.41 


(40.18-42.47) 


45-64 


39.49 


(39.26-39.68) 


39.59 


(39.74-39.46) 


65-f 


47.21 


(45.01-49.04) 


18.99 


(17.85-19.97) 


Men (n) 


9 015 680 


~ (7 874 587-10 156 773) 


42 986 882 


(39 689 389-46 284 375) 


35-44 


15.51 


(12.70-17.69) 


40.13 


(38.36-41.65) 


45-64 


40.23 


(38.75-41.38) 


41.17 


(41.02-41.30) 


65+ 


44.26 


(42.54-45.59) 


18.70 


(17.63-19.62) 


Women (n) 


15 329 690 


(13 824 691-16 834 689) 


42 813 666 


(38 878 456-46 748 876) 


35-44 


12.00 


(9.99-13.66) 


42.70 


(41.43-43.77) 


45-64 


39.05 


(37.58-40.26) 


38.01 


(37.44-38.48) 


65+ 


48.95 


(46.67-50.82) 


19.29 


(17.81-20.52) 



CI indicates confidence interval. 



Hypertension. Approximately 40% 
(95% CI, 35.3-45.5) of people with OA 
have Stage I - 1 1 1 hypertension as defined 
by the JNC VI guidelines (Table 2). 23 By 
comparison, only about 25% (95% CI, 
23.0-27.6) of the general population with- 
out arthritis was estimated to have hyper- 
tension. Prevalence of hypertension is 
slightly higher among men than women, 
and, as epidemiologic data suggest, higher 
among people aged >65 years versus 
younger people. 

Cigarette Smoking. Approximately 
20% (95% CI, 17.6-23.1) ofOA patients are 
current cigarette smokers (Table 2). The 
crude rates in this analysis are slightly 
lower than that for the general population 
without arthritis, wherein about 26% (95% 
CI, 23.6-28.4) are smokers. 

Diabetes Mellitus. Approximately 11% 
(95% CI, 9.2-12.9) of people with OA 
have diabetes mellitus (Table 2). By com- 
parison, only about 6% (95% CI, 5.6-7.3) of 
the general population without arthritis is 
diabetic. When stratifying by gender, this 
analysis suggests that female OA patients 
were more likely to have diabetes mellitus 
than a nonarthritic population. Prevalence 
of diabetes is slightly higher among 



women than men, and, as epidemiologic 
data suggest, higher among older people. 

Hypercholesterolemia. Approximately 
32% (95% CI, 27.1-36.2) of people with 
OA have high total cholesterol levels (ie, 
>240 mg/dL) (Table 2). About 24% (95% 
CI, 21.4%-26.0%) of the general population 
without arthritis has high total cholesterol 
levels. Prevalence of high total cholesterol 
is slightly greater among women than 
men, and has a marked increase among 
people aged 45 years and older. 

Low HDL Cholesterol. The prevalence 
of low HDL cholesterol (< 35 mg/dL) is 
similar, approximately 13% (95% CI, 10.8- 
16.1) in people with OA and 12% (95% CI, 
10.4-13.2) in the general population with- 
out arthritis (Table 2). Prevalence of low 
HDL cholesterol is substantially higher 
among men than women, but there is little 
differentiation among the age categories. 

Renal Impairment and Failure. 
Approximately 37% (95% CI, 31.6-41.5) of 
people with OA have renal impairment, 
manifested as serum creatinine levels 
exceeding the upper normal limit of 1.5 
mg/dL (Table 2). Moreover, approximately 
0.8% (95% CI, 0.4-1.3) of people with OA 
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have renal failure, defined as serum crea- 
tinine levels exceeding twice the upper 
normal limit (ie, >3.0 mg/dL). By compar- 
ison, it is estimated that only about 27% 
(95% CI, 23.8-30.3) of the general popula- 
tion without arthritis have renal impair- 
ment, and only 0.3% (95% CI, 0.2-0.4) 
have renal failure. 



■DISCUSSION ■ 



Patient-level examination data from the 
NHANES III have been used to estimate 
the prevalence of selected CVD risk fac- 
tors among US adults with OA. Other 
studies assessing the prevalence of arthri- 
tis in the United States have been con- 
ducted, but the prevalence of traditional 
risk factors for CVD among arthritis 
patients has not been well quantified to 
date. 

Estimates suggest that approximately 
24.3 million US adults aged >35 years 
have OA, and that nearly two thirds of 
these people are women. These estimates 
are consistent with what has been report- 
ed elsewhere. 3 

Findings suggest that US adults with OA 
indeed may be at an increased risk of CVD 
relative to the nonarthritic population. 
For each of the risk factors examined, 
except cigarette smoking, point estimates 
of prevalence among OA patients exceed- 
ed those of the general population. 
While tests of statistical significance were 
not performed, it was observed that the 
-difference m-risk factor- prevalence ver- 



sus the general population is not statis- 
tically significant at the "conventional" 
a = 0.05 level. 

Our findings suggest that the preva- 
lence of hypertension is significantly 
greater among OA patients versus patients 
without arthritis. Gabriel and colleagues 6 
found the prevalence of diabetes to be 
5.0% among 441 OA patients. The esti- 
mates from this study at 11% are consid- 
erably higher. This difference could be 
related to a different population sampling 
in the 2 studies. 

Reports on total cholesterol levels 
among patients with arthritis are scant 



Table 2. Estimated Prevalence of CVD Risk Factors Among US 
Adults Aged >35 Years With and Without Osteoarthritis 



Cardiovascular Disease 
Risk Factors, Stratified 
by Gender and Age 
(Years) 



Prevalence, % (95% CI) 



Osteoarthritis 
(n = 24 345 370) 



Hypertension (Stage Mil, 
JNC VI Guidelines') 



General Population 
Without Arthritis 
(n= 115 861 005) 



All 


40% 


(35.3-45.5) 


25% 


(23.0-27.6) 


- 35-44 


1 4% 


(7.5-19.7) 


11% 


(9.3-13.1) 


45-64 


32% 


(26.4-37.3) 


28% 


(24.6-31.5) 


65+ 


c ~o/ 
jD/o 


(AC. a £.1 c\ 


JU to 


iAl Q S7 fll 


Men 


A 1 % 


\A A .*T~ I t / . / } 


9R% 
to 


\Lj.\ ~A 1 AJ) 


35-44 




(f, ft 1 7 1 1 


1 6.0 L 

\ H lO 


(1 1.1-1 7.7) 


45-64 


JJ/O 


Of 1 A1 c\ 


7 9% 
AL io 


ill A 7A 71 


65+ 


^ ^°/, 

J J /II 


(AC C C.A -n 




f41 J-Sf* D) 


Women 


**U /O 


fiA Q AC 7\ 


9 7% 
ZA io 


M Q 0_7 C A\ 


35-44 


no/ 

y io 


Oft 1 4 fll 


fl% 

O io 


If* } 10 71 


1 C CA 


7 1 % 

J 1 IO 


fTC 117 -11 
IaJ. 1 - J / ■ J ) 


24% 


(20.2-27.2) 


bb + 


CCD/ 


(AC. 7 (LA Q j 


IO 


M1 ft. A? M 


Cigarette Smoking 










...All 


20% 


(17.6-23.1) 


26% ' 


(23.6-28.4) 


35-44 


25% 


(16.1-34.5) 


31% 


(27.2-34.8) 


45-64 


31% 


(26.1-35.9) 


26% 


(22.6-29.3) 


65+ 


1 0% 


f ft 1-19 71 


1 5% 


(1 2.3-1 7.8) 


Men 


25% 


( 1 9 5-29 9) 


30% 


(26.9-33.2) 


35-44 


34% 


M 7 ^ ^A ~)\ 


76% 
jo /o 


nn 7.4"> 71 


45-64 


35% 


(24 6-44.7) 


29% 


(24.5-34.2) 


65 + 


1 2% 


(ft 9-1 Pi fil 


1 8% 


(13.4-22.1 ) 


Women 


18% 


M Z 9 ?n SI 

\ • J.Z-iU.J ) 


22% 


(19.1 -24.7) 


35-44 


19% 


(11 1 9fi A) 


9 A% 


(21 4-30.4) 


45-64 


29% 


(23.0-34.5) 


22% 


(18 2-26 2) 


65 + 


9% 


(6.4-1 1 .5) 


1 2% 


(9.9-1 4.8) 


Diabetes Mellitus 










"All 


11% 


(9.2-12.9) 


6% 


(5.6-7.3) 


35-44 


4% 


(0.7-7.2) 


4% 


(2.3-5.1) 


45-64 


11% 


(7.3-13.8) 


7% 


(5.8-8.3) 


65 + 


13% 


(11.0-15.9) 


11% 


(9.0-12.8) 


Men 


10% 


(7.3-12.3) 


7% 


(5.4-7.7) 


35-44 


0% 


(-0.2-1.1) 


3% 


(1.0-5.3) 


45-64 


9% 


(4.2-13.5) 


8% 


(6.0-10.0) 


65+ 


14% 


(9.8-18.1) 


11% 


(8.8-13.2) 


Women 


12% 


(9.5-14.1) 


6% 


(5.0-7.5) 


35-44 


7% 


(1.0-12.4) 


4% 


(2.6-6.1) 


45-64 


12% 


(7.6-15.7) 


6% 


(4.4-7.7) 


65 + 


13% 


(10.3-16.1) 


11% 


(7.9-13.8) 


•^igh Total -Cholesterol -(2240-r 


ng/dL) - 






All 


32% 


(27.1-36.2) 


24% 


(21.4-26.0) 


35-44 


22% 


(11.6-32.5) 


15% 


(12.9-17.5) 


45-64 


34% 


(27.8-39.3) 


29% 


(26.0-31.9) 


65+ 


33% 


(26.3-39.3) 


. 31% 


(25.9-36.7) 


Men 


23% 


(17.7-28.5) 


23% 


(20.2-25.6) 


35-44 


22% 


(10.5-33.9) 


19% 


(15.7-22.5) 


45-64 


26% 


(18.6-33.4) 


27% 


(23.4-31.0) 


65 + 


21% 


(13.9-27.6) 


21% 


(17.1-25.7) 


Women 


37% 


(30.9-42.7) 


24% 


(21.8-27.1) 


35-44 


22% 


(8.9-35.0) 


12% 


(9.2-13.9) 


45-64 


38% 


(29.9-46.5) 


31% 


(27.2-34.5) 


M 65+ 


39% 


(31.4-47.3) 


41% 


(32.8-49.2) 



(continued on next page) 



'Systolic blood pressure >140 mm Hg; diastolic blood pressure >90 mm Hg (NIH 
Publication 98-4080, November 1997). 

CVD indicates cardiovascular disease; JNC VI, 5/a:(/i Report of the Joint National 
Committee on Prevention Detection. Evaluation, and Treatment of High Blood 
Pressure. 
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Table 2. Estimated Prevalence of CVD Risk Factors Among US 
Adults Aged >35 Years With and Without Osteoarthritis (Continued) 



Cardiovascular Disease 
Kisk Factors, Mratmed 
hv f^pnHpr and Ape 
\ I Cars/ 


Osteoarthritis 
(n = 24 345 370) 


General Population 
Without Arthritis 
(n = 115 861 005) 


Low HDL Cholesterol 










(<35 mg/dL) 










All 


13% 


(10.8-16.1) 


12% 


(10.4-13.2) 


35-44 


1 5% 


(7.9-21.5) 


1 1% 


(9.2-1 3. oj 


45-64 


14% 


(10.2-17.9) 


1 2% 


(1 0.0-1 3.5) 


65+ 


1 3% 


(9.9-15.2) 


13% 


(9.8-1 5.6) 


Men 


25% 


(19.3-30.9) 


18% 


(15.9-20.8) 


35-44 


29% 


(12.9-44.8) 


1 8% 


(1 3.7-22.3) 


45-64 


27% 


(17.6-35.6) 


1 9% 


(1 5.6-21 .7) 


65 + 


22% 


(15.9-29.0) 


18% 


(1 4.5-22.4) 


Women 


6% 


(5.0-7.9) 


CO/ 


(a n & &\ 


35-44 


3% 


(0.1-6.6) 


5% 


(3.4-7.5) 


45-64 


6% 


(4.2-8.6) 


4% 


(2.9-5.3) 


65+ 


7% 


(5.1-9.2) 


7% 


(4.2-10.2) 


Renal Impairment (Serun 


i Creatinine 






Levels Above ULN, 1.5 mg/dL) 








All 


37% 


(31.6-41.5) 


27% 


(23.8-30.3) 


35-44 


18% 


(11.1-25.0) 


1 9% 


(1 4.9-22./ J 


45-64 


28% 


(22.3-33.2) 


27% 


it i o in c\ 
(23.2-JU. d) 


65+ 


50% 


(42.1-57.2) 


46% 


(39.1 -53.5) 


Men 


38% 


(31.3-44.1) 


29% 


(25.8-32.8) 


35-44 


24% 


(9.0-38.3) 


22% 


{ 1 b.two.oj 


45-64 


26% 


(18.0-35.0) 


29% 


/T A C 11 Q\ 


65+ 


53% 


(42.8-63.4) 


47% 




Women 


36% 


(30.3-41.5) 


25% 


(21.1-28.5) 


35-44 


14% 


(8.0-19.1) 


1 6% 


/IT C in ui 


45-64 


28% 


(21.6-35.3) 


24% 


(19.6-28.9) 


65+ 


48% 


(39.2-56.4) 


46% 


(37.0-54.4) 


Renal Failure (Serum Creatinine 








Levels 2x ULN >3.0 mg/dL) 








All 


0.8% 


(0.4-1.3) 


0.3% 


(0.2-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.1% 


(0.0-0.1) 


45-64 


0.2% 


(0.0-0.5) 


0.1% 


(0.0-0.2) 


65 + 


1 .6% 


(0.6-2.6) 


1 .0% 


(0.5-1.4) 


Men 


1 .0% 


(0.2-1.8) 


0.2% 


(0.1-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.0% 


(0.0-0.1) 


... 4-5-64- 


-0^3%— 


(-0.J~0.ZJ 


... _0.2% 


(0.0,0.3) 


65+ 


2.0% 


(0.1-3.9) 


0.9% 


(0.2-1.5) 


Women 


0.B% 


(0.2-1.3) 


0.3% 


(0.1-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.1% 


(0.1-0.1) 


45-64 


0.2% 


(-0.1-0.5) 


0.1% 


(0.0-0.1) 


65+ 


1.4% 


(0.3-2.6) 


1 .0% 


(0.2-1.9) 



CVD indicates cardiovascular disease; HDL, high-density lipoprotein; ULN, upper 
limit of normal. 



and somewhat contradictory. A preva- 
lence rate of 32% was estimated in OA 
patients, which is higher than the 23% rate 
estimated for the general population. The 
comparatively lower prevalence of cardio- 
protective HDL cholesterol found in this 



study is consistent with what has been 
reported in other studies. 93001 

Potential limitations of this study bear 
mention. First, it should be noted that due 
to the complex sampling design of 
NHANES III, extreme variability in the 
weights has the potential to result in 
reduced reliability of the estimates. 
However, the NHANES III sample was 
designed to minimize the variability in the 
weights through measures such as weight 
trimming. Although unlikely, extreme 
observations in conjunction with large 
weights may have resulted in extremely 
influential observations dominating the 
analyses. 27 Data from the NHANES sur- 
veys are considered by health services 
researchers to be among the most suit- 
able-to-task for purposes of generating 
national estimates of disease incidence 
and prevalence. Nonetheless, because 
NHANES III is based on surveys of the 
civilian noninstitutionalized population, 
which represents 98% of the total US pop- 
ulation, certain groups (eg, the institution- 
alized elderly) were excluded. 3 Although 
the NHANES sampling methodology 
accounts for factors such as this, estimates 
of disease and risk factor prevalence pre- 
sented in this article could differ some- 
what from true prevalence. 

Identification of comorbid medical con- 
ditions in NHANES III is derived mainly 
from patient self-report rather than from 
physical examination. Moreover, the self- 
reported data are confirmed by physicians 
only in certain circumstances. The validi- 
ty of using- self- reports of arthritic -condU 
tions to estimate true prevalence of OA is 
unknown, but studies conducted in other 
disease areas suggest that self-reported 
measures selected from NHANES can be 
quite reliable. The sensitivity and speci- 
ficity of self-reported hypertension in 
NHANES III has been assessed, 35 and the 
validity of using NHANES data in this fash- 
ion for surveillance of hypertension trends 
in the US population is well established. 
Also, self-reports of an arthritis diagnosis 
derived from NHANES data have been 
used to examine the association between 
arthritis incidence and use of estrogen 
replacement therapy, body mass index, 
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and weight change/ 6,37 and to explore 
associations between arthritis diagnosis, 
educational attainment, and mortality. 38 " 10 

Because many people with arthritis 
may not consult a physician for their con- 
dition, they consequently may not be able 
to affirmatively answer the NHANES ques- 
tion regarding whether a doctor has told 
them they have arthritis. Furthermore, 
the possibility of faulty recall or other 
ascertainment bias among NHANES 111 
participants cannot be ruled out. Patients 
whose health histories span many years 
may omit less serious health conditions, 
misplace dates of occurrence, or incor- 
rectly remember the names of health con- 
ditions that were diagnosed several 
months or years in the past. Certainly, 
poor communication or a lack of under- 
standing of medical terminology could be 
detrimental factors. Patients mistaking 
"rheumatism" for "rheumatoid arthritis" 
could be one example. A related concern 
is that the terms used to name or describe 
a given health condition vary among peo- 
ple of different language, cultural, social, or 
educational backgrounds. Compounding 
this problem is the fact that NHANES uses 
a checklist to collect information on 
chronic conditions and does not include 
definitions of the terms or lists of related 
symptoms to provide a consistent defini- 
tion across subjects. However, NHANES 
has a deserved reputation for its clear, 
unambiguous diagnostic criteria and 
wording on its questionnaires. Although 
the self-reported information regarding 
■■ardir4tis--in-^HAhffiS4H-4i€is-nGt--been-sys--- 
tematically validated, NHANES patient 
data has been used to ascertain preva- 
lence of chronic disease, including arthri- 
tis, with wide acceptance since the 1970s. 
Self-reported rheumatoid arthritis was 
excluded from this analysis because it is 
unlikely that patients would be able to 
reliably report this diagnosis for all the 
reasons listed above. 

Finally, one of the major limitations of 
this study was the relatively limited num- 
ber of CVD risk factors that could be esti- 
mated using the NHANES III database. 
Interestingly, McEntegart and colleagues 9 
and Wallberg-Jonsson and colleagues 1841 



in their studies of RA patients identified 
significant correlations between RA and 
several thrombotic predictors of CVD that 
we were not able to derive from NHANES 
III data, including fibrinogen, von 
Willebrand factor, plasminogen activator 
inhibitor 1, tissue plasminogen activator 
antigen, and fibrin D-dimer. Current 
thinking is that inflammatory factors that 
promote atherogenesis and thrombogene- 
sis may play important roles in the devel- 
opment of CVD in arthritis patients, 
particularly those with RA. Had it been 
possible, estimation of prevalence rates 
for these potential risk factors would have 
been worthwhile. 



-CONCLUSION • 

National survey data suggests, on aver- 
age, US adults with OA have a high preva- 
lence of CVD risk factors, which is higher 
than that of a nonarthritic population. 
These differences are likely to be due to 
the different age and gender distributions 
between an arthritic and nonarthritic pop- 
ulation. Prevalence estimates, such as the 
ones reported here, are not conclusive evi- 
dence that OA increases the likelihood of 
developing CVD risk factors or CVD. If 
anything, they provide further evidence 
that CVD and arthritis may represent sep- 
arate end points of a similar pathological 
process. 4213 While the importance of CVD 
risk factor reduction in all people is obvi- 
ous, these prevalence estimates demon- 
strate that from a practical clinical 

perspective— modifiable- -CXD- risk-factors - 

need to be aggressively managed in the 
arthritic population. It is important to be 
aware of the higher prevalence of CVD 
risk factors in the arthritic population 
when selecting from the many treatment 
options available today. 
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Preface 



The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care 
Program as part of its mission to organize knowledge and make it available to inform decisions 
about health care. As part of the Medicare Prescription Drug, Improvement, and Modernization 
Act of 2003, Congress directed AHRQ to conduct and support research on the comparative 
outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health 
care services to meet the needs of Medicare, Medicaid, and the State Children's Health Insurance 
Program (SCHIP). 

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting Comparative Effectiveness Reviews of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies. For more information about systematic reviews, see 
www.effectivehealthcare.ah-q.^ov/reference/purpose.cfm . 

AHRQ expects that Comparative Effectiveness Reviews will be helpful to health plans, 
providers, purchasers, government programs, and the health care system as a whole. In addition, 
AHRQ is committed to presenting information in different formats so that consumers who make 
decisions about their own and their family's health can benefit from the evidence. 

Transparency and stakeholder input are essential to the Effective Health Care Program. Please 
visit the Web site rwww.eff^ctivehealthcare.alirq.gov ) to see draft research questions and reports 
or to join an e-mail list to learn about new program products and opportunities for input. 
Comparative Effectiveness Reviews will be updated regularly. 
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Executive Summary 



Background 

Osteoarthritis is a chronic condition involving degeneration of cartilage within the joints. It 
is the most common form of arthritis and is associated with pain, substantial disability, and 
reduced quality of life. About 6 percent of U.S. adults aged 30 years or older have symptomatic 
osteoarthritis of the knee, and 3 percent have symptomatic osteoarthritis of the hip. Osteoarthritis 
increases with age: the incidence and prevalence increase two- to tenfold from age 30 to 65 and. 
continue to increase after age 65. The total costs for arthritis, including osteoarthritis, may be 
greater than 2 percent of the gross domestic product, with more than half of these costs related to 
work loss. 

Common oral medications for osteoarthritis include nonsteroidal antiinflammatory drugs 
(NSAIDs) and acetaminophen. Patients with osteoarthritis also use over-the-counter supplements 
not regulated by the U.S. Food and Drug Administration (FDA) as pharmaceuticals, including 
glucosamine and chondroitin, as well as topical agents. Opioid medications are also used for 
selected patients with refractory, chronic pain but are not recommended for first-line treatment of 
osteoarthritis and therefore not included in this review. Each class of medication or supplement 
is associated with a unique balance of risks and benefits. In addition, efficacy and safety may 
vary for individual drugs within a class. Nonpharmacologic interventions (such as physical 
therapy, weight reduction, and exercise) also help improve pain and functional status in patients 
with osteoarthritis. 

A challenge in treating osteoarthritis is deciding which medications will provide the greatest 
symptom relief with the fewest serious adverse effects. NSAIDs decrease pain, inflammation, 
and fever by blocking cyclo-oxygenase (COX) enzymes. Understanding of the pharmacology of 
NSAIDs continues to evolve, but it is now thought that most NSAIDs block three different COX 
isoenzymes, known as COX- 1, COX-2, and COX-3. COX-1 protects the lining of the stomach 
from acid. COX-2 is found in joint and muscle, and mediates effects on pain and inflammation. 
By blocking COX-2, NSAIDs reduce pain compared to placebo in patients with arthritis, low 
back pain, minor injuries, and soft tissue rheumatism. However, NSAIDs that also block the 
COX-1 enzyme (also called "nonselective NSAIDs") can cause gastrointestinal bleeding. In the 
United States, there are an estimated 16,500 annual deaths due to NSAID-induced 
gastrointestinal complications, a higher death rate than that for cervical cancer or malignant 
melanoma. Theoretically, NSAIDs that block only the COX-2 enzyme (also called "coxibs," 
"COX-2 selective NSAIDs," or "selective NSAIDs") should be safer with regard to 
gastrointestinal bleeding, but they also appear to be associated with increased rates of serious 
cardiovascular and other adverse effects. Less is known about COX-3, which is found in the 
cerebral cortex and cardiac tissue and appears to be involved in centrally mediated pain. 

For this report, we defined the terms "selective NSAIDs" or "COX-2 selective NSAIDs" as 
drugs in the "coxib" class (celecoxib, rofecoxib, valdecoxib, etoricoxib, lumiracoxib). We 
defined "partially selective NSAIDs" as other drugs shown to have partial in vitro COX-2 
selectivity (etodolac, nabumetone, meloxicam). Aspirin differs from other NSAIDs because it 
irreversibly inhibits platelet aggregation, and the salicylic acid derivatives (aspirin and salsalate) 
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were considered a separate subgroup. We defined ;i nonaspirin, nonselective NSAIDs" or simply 
"nonselective NSAIDs" as "all other NSAIDs." 

This report summarizes the available evidence comparing the benefits and harms of 
analgesics in the treatment of osteoarthritis. 

Oral agents include: 



Aspirin 


• Ketorolac 


Aacetaminophen 


• Lumiracoxib 1 


Celecoxib 


• Meclofenamate sodium 


Choline magnesium trisalicylate 


• Mefenamic acid 


Chondroitin 


• Meloxicam 


Diclofenac 


• Nabumetone 


Diflunisal 


• Naproxen 


Etodolac 


• Oxaprozin 


Etoricoxib 1 


• Piroxicam 


Fenoprofen 


• Rofecoxib 1 


Flurbiprofen 


• Salsalate 


Glucosamine 


• Sulindac 


Ibuprofen 


• Tenoxicam 1 


Indomethacin 


• Tiaprofenic acid 1 


Ketoprofen 


• Tolmetin 


Ketoprofen ER 


• Valdecoxib 1 



These drugs are currently not approved by the FDA for use in the United States (etoricoxib, lumiracoxib, tenoxicam, 
tiaprofenic acid) or have been withdrawn from the market (rofecoxib and valdecoxib). 

Questions addressed in this report are: 

1 . What are the comparative benefits and harms of treating osteoarthritis with oral 
medications or supplements? How do these benefits and harms change with dosage and 
duration of treatment, and what is the evidence that alternative dosage, strategies, such as 
intermittent dosing and drug holidays, affect the benefits and harms of oral medication 
use? (Note: The only benefits considered under this question are improvements in 
osteoarthritis symptoms from long-term use. Evidence of harms associated with NSAID 
use include long-term studies of these drugs for treating osteoarthritis or rheumatoid 
arthritis and for cancer prevention. 

2. Do the comparative benefits and harms of oral treatments for osteoarthritis vary for 
certain demographic and clinical subgroups of patients? 

•O- 

• Demographic subgroups include age, sex, and race. 

• Coexisting diseases include hypertension, edema, ischemic heart disease, heart 
failure; peptic ulcer disease; history of previous bleeding due to NSAIDs. 
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• Concomitant medication use includes anticoagulants. 

3. What are the comparative effects of coprescribing of H2-antagonists, misoprostol, or 
proton pump inhibitors (PPIs) on the gastrointestinal harms associated with NSAID use? 

4. What are the comparative benefits and harms of treating osteoarthritis with oral 
medications as compared with topical preparations? Topical preparations include: 
capsaicin, diclofenac, ibuprofen, ketoprofen, and salicylate. 

A summary of the findings is shown in Table A. 

Conclusions 



Oral NSAIDs 

Benefits: improvements in osteoarthritis symptoms 

• Nonselective NSAID vs. another nonselective NSAID 

■ Many trials found no clear differences between various nonaspirin, nonselective 
NSAIDs or partially selective NSAIDs (meloxicam, nabumetone, etodolac) in 
efficacy for pain relief or improvement in function. 

■ In one short-term trial, salsalate and aspirin did not differ significantly in efficacy 
for pain relief or symptom improvement. 

■ No studies evaluated the comparative efficacy of salsalate or aspirin vs. a 
nonaspirin NSAID. 

• COX-2 selective (NSAID) vs. nonselective NSAID 

■ COX-2 selective NSAIDs and nonselective NSAIDs did not clearly differ in 
efficacy for pain relief, based on many good-quality, published trials. 

• COX-2 selective NSAID vs. different COX-2 selective NSAID 

■ Celecoxib and rofecoxib did not differ significantly in efficacy for pain relief at 
commonly used and comparable doses, based on consistent evidence from six 
good-quality trials. 

■ No studies compared efficacy of COX-2s other than celecoxib and rofecoxib. 
Harms: gastrointestinal (GI) and cardiovascular (CV) 

• Rofecoxib vs. nonselective NSAID 



3 



■ In the only large, long-term trial (VIGOR), rofecoxib 50 mg daily caused fewer 
serious ulcer complications than naproxen 1,000 mg daily in patients with 
rheumatoid arthritis but also significantly increased the risk of myocardial 
infarction. The overall rate of serious adverse events was higher with rofecoxib 
than with naproxen. 

• There were about 16 fewer symptomatic ulcers, including 5.2 fewer 
serious GI complications, for every 1,000 patients treated with rofecoxib 
vs. naproxen after amedian of 9 months of treatment. 

• There were 3.0 additional myocardial infarctions for every 1 ,000 patients 
treated with rofecoxib compared to naproxen in VIGOR. 

■ Rofecoxib was associated with an increased risk of myocardial infarction relative 
to placebo in the most comprehensive systematic review of randomized controlled 
trials (RCTs). 

• About 3.5 additional myocardial infarctions occurred for every 1,000 
patients treated for I year with rofecoxib compared to placebo in the 
systematic review. 

■ Rofecoxib was withdrawn from the market in September 2004, primarily because 
ofCV risks. 

• Celecoxib vs. nonselective NSAID or placebo 

■ It is not clear whether celecoxib has fewer potential harms than nonselective 
NSAIDs when used longer than 3-6 months. In the only large, published trial 
(CLASS), celecoxib at 800 mg daily did not decrease predefined serious ulcer 
complications overall compared with diclofenac and ibuprofen; the risk of 
serious GI events was lower than with ibuprofen, but not diclofenac, at 6 months 
in patients who did not use aspirin; and there was no reduction in serious GI 
events at the end of followup. The overall rate of serious adverse events with 
celecoxib was similar to the rate with ibuprofen and diclofenac. 

■ In fair-quality meta-analyses of arthritis trials, most of which evaluated short- 
term use, celecoxib caused fewer ulcer complications than nonselective NSAIDs 
and did not increase the risk of myocardial infarction. 

■ Celecoxib 400 mg twice daily was associated with an increased risk of serious 
CV events (CV death or myocardial infarction) relative to placebo in a long-term 
trial of polyp prevention. 

■ Celecoxib was associated with an increased risk of myocardial infarction relative 
to placebo in the most comprehensive systematic review of RCTs. Most of the 
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CV events with celecoxib were reported in two large polyp-prevention trials 
evaluating 200 mg or 400 mg twice daily, or 800 mg once daily. 

• About 3.5 additional myocardial infarctions occurred for every 1 3 000 
patients treated for 1 year with celecoxib compared to placebo. 

• Valdecoxib vs. nonselective NSAID or placebo 

■ Valdecoxib was associated with a lower risk of upper GI complications compared 
with diclofenac, ibuprofen, or naproxen in two fair-quality meta-analyses of 
published and unpublished" trials. 

■ There have been too few events reported in RCTs of patients with chronic 
conditions to accurately assess CV risk associated with valdecoxib. 

■ Two short-term trials in a high-risk post-coronary-artery-surgery setting found 
that valdecoxib was associated with a two- to threefold higher risk of CV events 
compared with placebo. 

■ Valdecoxib was withdrawn from the market due to life-threatening skin reactions and 
increased CV risk. 

• Etoricoxib vs. nonselective NSAID 

■ Etoricoxib was associated with fewer GI adverse events (perforations, 
symptomatic ulcers, and bleeds) than nonselective NSAIDs in a fair-quality 
meta-analysis of 10 trials. 

■ In primarily short-term trials, systematic reviews of RCTs suggest that etoricoxib 
has a similar CV safety profile compared to other NSAIDs, with the possible 
exception of naproxen. Definitive conclusions are not possible because of small 
numbers of CV events. 

• Lumiracoxib vs. nonselective NSAID 

■ Results from one large trial (TARGET) found fewer adverse GI events with 
lumiracoxib than with naproxen and ibuprofen. 

■ There was no statistically significant difference in rates of serious CV events 
between lumiracoxib relative to naproxen or ibuprofen in TARGET. 

■ Too few events have been-reported in RCTs to accurately assess CV risk 
associated with lumiracoxib. 

• Partially selective NSAID vs. nonselective NSAID 
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■ Meloxicam: There were no significant differences in risks of serious GI events in 
several meta-analyses of up to 28 primarily short-term clinical trials, and no 
difference in CV risk in three observational studies. 

■ Nabumetone or etodolac: There was insufficient evidence to make reliable judgments 
about relative GI safety and no evidence on CV safety. 

• Nonselective NSAID vs. nonselective NSAID or any COX-2 selective NSAID 

■ No clear difference in GI safety was found among nonselective NSAIDs at commonly 
used doses. 

■ The CV safety of naproxen was moderately superior to that of any COX-2 selective 
NSAID in a large systematic review of RCTs. 

• There were 3.3 additional myocardial infarctions for every 1,000 patients 
treated with any COX-2 inhibitor instead of naproxen for 1 year. 

■ The CV safety of nonselective NSAIDs other than naproxen (data primarily on 
ibuprofen and diclofenac) was similar to that of COX-2 selective NSAIDs in a large 
systematic review. 

■ In indirect analyses, naproxen was the only nonselective NSAID associated with 
neutral CV risk relative to placebo. 

• Aspirin 

■ Aspirin is associated with a lower risk of thromboembolic events and a higher risk of 
GI bleeds compared to placebo or nonuse when given in long-term prophylactic 

doses. 

■ There is insufficient evidence to assess the balance of GI and CV safety of higher 
dose aspirin as used for pain relief compared with nonaspirin NSAIDs. 

• Salsalate 

■ Salsalate was associated with a lower risk of adverse events than other selective and 
nonselective NSAIDs using broad composite endpoints in older, poor-quality 
observational studies. In a more recent observational study, salsalate had a similar 
rate of complications compared with other NSAIDS. 

■ Almost no data are available on CV safety. 
Harms: mortality 

■ Individual trials were not large enough to detect differences in mortality between the 
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included drugs. 



■ One meta-analysis of celecoxib found no difference between celecoxib and 
nonselective NSAIDs, but there were few events. 

■ In one fair-quality cohort study, nabumetone was associated with a lower risk of all- 
cause mortality compared with diclofenac and naproxen, but this finding has not been 
replicated. 

Harms: hypertension, congestive heart failure (CHF), edema, and impaired renal function 

■ All NSAIDs and COX-2 inhibitors can cause or aggravate these conditions. 

■ There is good evidence from short-term trials that, on average, nonselective NSAIDs 
raise mean blood pressure by about 5.0 mm Hg (95-percent confidence interval [CI] 
1.2 to 8.7). However, similar average blood pressure changes may not necessarily 
correspond with similar likelihoods of an event requiring withdrawal, medication 
change, or other clinical consequences. 

■ Evidence from good-quality observational studies suggests that rofecoxib is 
associated with greater risks ofhypertension, CHF, and edema than celecoxib. 
Indirect evidence from various meta-analyses of either rofecoxib or celecoxib vs. 
nonselective NSAIDs are consistent with these findings. Direct randomized trial 
evidence, however, is limited in quantity and difficult to interpret because of possible 
non-equivalent dosing of drugs. Evidence regarding the comparative risk of renal 
dysfunction for celecoxib and rofecoxib is sparse. 

■ There was weak evidence that aspirin and sulindac have less hypertensive effect than 
other nonselective NSAIDs. - 

■ There were no clear differences among other selective or nonselective NSAIDs for 
these adverse events. 

Harms: hepatotoxicity 

■ Clinically significant hepatotoxicity was rare. 

■ Among currently marketed NSAIDs, only diclofenac was associated with a 
significantly higher rate of liver-related discontinuations compared with placebo (1 
additional case for every 53 patients treated with diclofenac). 

Tolerability 

■ Relative to nonselective NSAIDs, COX-2 selective and partially selective NSAIDs 
were better or similarly tolerated and aspirin was less well tolerated. 

■ There were no clear differences in tolerability among COX-2 selective or 
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nonselective NSAIDs. 



■ Uncertainty remains regarding the comparative tolerability of salsalate and 
nonselective NSAIDs. Available evidence is somewhat sparse and mixed, with two of 
three short-term trials suggesting salsalate is less well tolerated than nonselective 
NSAIDs and older, flawed observational studies suggesting that salsalate is less toxic 
than nonselective NSAIDs. 

Other oral agents: benefits and harms 

• Acetaminophen 

■ Acetaminophen was modestly inferior to NSAIDs for pain and function in four 
systematic reviews. 

• Pain severity ratings averaged less than 10 points higher for acetaminophen 
compared to NSAIDs on 100-point visual analog scales. 

■ Compared with NSAIDs, acetaminophen had fewer GI side effects (clinical trials 
data) and serious GI complications (observational studies). 

■ Acetaminophen may be associated with modest increases in blood pressure and renal 
dysfunction (observational studies). 

■ One good-quality, prospective observational study found an increased risk of CV 
events with heavy use of acetaminophen that was similar to the risk associated with 
heavy use of NSAIDs. 

■ Acetaminophen at therapeutic doses does not appear to be associated with an 
increased risk of hepatotoxicity compared to nonuse in patients without underlying 
liver disease. 

• Glucosamine and chondroitin 

■ In one large, good-quality trial the combination of pharmaceutical-grade glucosamine 
hydrochloride plus chondroitiif (not currently available in the United States) was not 
superior to placebo among all patients studied. Neither glucosamine nor chondroitin 
alone was superior to placebo. In an analysis of a small subgroup of patients with at 
least moderate baseline pain, there was a modest benefit for pain relief from the 
combination, but this did not appear to be a preplanned analysis. 

■ Systematic reviews of older trials found glucosamine modestly superior to oral 
NSAIDs and placebo in most trials, but there was some inconsistency between trials, 
most trials had some flaws, an3 results may not be directly applicable to the United 
States because the positive trials primarily evaluated pharmaceutical-grade 
glucosamine available in Europe. 
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■ Only 2 of 20 placebo-controlled trials assessed effects of glucosamine on radiologic 
disease progression. One fair- and one good-quality trial found pharmaceutical-grade 
glucosamine superior to placebo for progression of knee joint space narrowing over 3 
years. 

■ Glucosamine and chondroitin were generally well tolerated and no serious adverse 
events were reported in clinical trials. 

Effect of dosage and duration of treatment on the benefits and harms 
of oral medication use 

• We found no studies evaluating the GI or CV safety of alternative dosing strategies (such 
as alternate day dosing, once daily versus twice daily dosing, or periodic drug holidays). 

• The risk of GI bleeding increases with higher doses of nonselective NSAIDs. 

• The most comprehensive systematic review of RCTs found no clear association between 
duration of exposure and CV risk of COX-2 inhibitors. However, estimates of CV risk 
with shorter duration of exposure are imprecise due to low numbers of events. 

• The most comprehensive systematic review of RCTs found higher doses of celecoxib 
associated with increased CV risk, but could not determine the effects of dose on CV risk 
associated with rofecoxib due to low numbers of events at lower doses. iMost trials of 
nonselective NSAIDs involved high doses. 

Differences in demographic and clinical subgroups 

• GI and CV complication rates are higher among older patients and those with 
predisposing comorbid conditions, but there is no evidence that the relative safety of 
different NSAIDs varies according to baseline risk. 

o Compared to nonuse of NSAIDs, one additional death per 1 year of use occurred 
for every 13 patients treated with rofecoxib, 14 with celecoxib, 45 with ibuprofen, 
and 24 with diclofenac in one large, population-based observational study of high- 
risk patients with acute myocardial infarction. 

• There is no evidence that the comparative safety or efficacy of specific selective or 
nonselective NSAIDs varies depending on age, gender, or racial group, although data are 
sparse. 

• Among patients who had a recent episode of upper GI bleeding, there is good evidence 
that rates of recurrent ulcer bleeding are high (around 5 percent after 6 months) in 
patients prescribed celecoxib or a nonselective NSAID plus a PPI. 
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Concomitant anticoagulant use 



• Concomitant use of anticoagulants (e.g., warfarin) and any nonselective NSAID increases 
the risk of GI bleeding three- to sixfold compared to anticoagulants alone. 

• Reliable conclusions about the safety of selective NSAIDs used with anticoagulants are 
not possible due to flaws in existiifg observational studies, although there are case reports 
of serious bleeding events, primarily in the elderly. 

Concomitant aspirin use 

• In the CLASS studies, there was.no difference in rates of ulcer complications between 
celecoxib and nonselective NSAIDs in the subgroup of patients who took aspirin. 

• Concomitant low-dose aspirin use increased the rate of endoscopic ulcers by about 6 
percent in both patients on celecoxib and those on nonselective NSAIDs in one meta- 
analysis. 

• Rofecoxib plus low-dose aspirin or ibuprofen alone were associated with similar risks of 
endoscopic ulcers (16-17 percent), which were significantly higher than those for placebo 
(6 percent) or aspirin alone (7 percent). 

• The most comprehensive systematic review of RCTs found that compared to nonuse of 
aspirin, concomitant aspirin use did not ameliorate the increased risk of vascular events 
associated with COX-2 selective NSAIDs. 

Effects of coprescribing H2-antagonists, misoprostol, or PPIs 

• Consistent evidence from good-quality systematic reviews and numerous clinical trials 
found coprescribing of PPIs to be associated with the lowest rates of endoscopically 
detected duodenal ulcers relative to gastroprotective agents. 

• Coprescribing of misoprostol is associated with similar rates of endoscopically detected 
gastric ulcers as coprescribing of PPIs. 

• While misoprostol offers the advantage of being the only gastroprotective agent to reduce 
rates of perforation, obstruction, or. bleeding, there is a high rate of withdrawals due to 
adverse GI symptoms. 

• The risk of endoscopic duodenal ulcers for standard-dose H2 blockers was lower than 
placebo, similar to misoprostol, and higher than omeprazole. Standard dosages of H2 
blockers were associated with no reduction of risk for gastric ulcers relative to placebo. 

• Double (full) dose H2 blockers were associated with a lower risk of endoscopic gastric 
and duodenal ulcers relative to placebo. It is unknown how full-dose H2 blockers 
compare to other antiulcer medications because head-to-head trials are lacking. 
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Comparison of oral medications with topical preparations 

• Topical NSAIDs: efficacy 

■ Studies of topical NSAIDs typically evaluated proprietary formulations 
not approved by the FDA. 

■ Topical NSAIDs were similar to oral NSAIDs for pain relief in trials 
primarily of patients with osteoarthritis of the knee, with topical 
diclofenac (often with dimethyl sulphoxide [DMSO], a drug not approved 
for use in humans in the United States) best studied. 

■ Topical ibuprofen was superior to placebo in several trials. 

• Topical NSAIDs: safety 

■ Consistent evidence from good-quality trials, systematic reviews, and 
observational studies found topical NSAIDs to be associated with 
increased local adverse events compared with oral NSAIDs. 

■ Total adverse events and withdrawal due to adverse events were similar. 

■ Data from one good-quality trial found topical NSAIDs superior to oral 
NSAIDs for GI events, including severe events, and changes in 
hemoglobin. 

• Topical salicylates and capsaicin 

■ Topical salicylates were no better than placebo in higher quality placebo- 
controlled trials. 

■ Compared to placebo, one additional patient achieved pain relief for every 
eight that used topical capsaicin in a good-quality meta-analysis, but 
capsaicin was associated with increased local adverse events and 
withdrawals due to adverse events. 

Balance of evidence and harms 

Each of the analgesics evaluated in this report was associated with a unique set of benefits 
and risks. Each was also associated with gaps in the evidence necessary to determine the true 
balance of benefits vs. harms. The role of selective and nonselective oral NSAIDs and alternative 
agents will continue to evolve as additional information emerges. At this time, although the 
amount and quality of evidence vary, no currently available analgesic reviewed in this report was 
identified as offering a clear overall advantage compared with the others. This is not surprising, 
given the complex tradeoffs between the many benefits (pain relief, improved function, 
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improved tolerability, and others) and harms (CV, renal, GI, and others) involved. 

Individuals are likely to differ in how they prioritize the importance of the various benefits 
and harms of treatment. Adequate pain relief at the expense of an increase in CV risk, for 
example, could be an acceptable tradeoff for some patients. Others may consider even a marginal 
increase in CV risk unacceptable. Factors that should be considered when weighing the potential 
effects of an analgesic include age (older age being associated with increased risks for bleeding 
and CV events), comorbid conditions, and concomitant medication use (such as aspirin and 
anticoagulation medications). As in other medical decisions, choosing the optimal analgesic for 
an individual with osteoarthritis should always involve careful consideration and thorough 
discussion of the relevant tradeoffs. 



Remaining Issues 

• The CV safety of nonselective NSAIDs has not been well studied in large, long-term clinical 
trials. Naproxen, in particular, may be associated with fewer CV risks than other NSAIDs 
and should be investigated in long-term, appropriately powered trials. 

• Large observational studies assessing the safety of NSAIDs have been helpful for assessing 
comparative benefits and harms but have generally had a narrow focus on single adverse 
events. Observational studies that take a broader view of all serious adverse events would be 
substantially more helpful for assessing the overall tradeoffs between benefits and harms. 

• The CV risks and GI benefits associated with different COX-2 selective NSAIDs may vary. 
Large, long-term trials with active and placebo-controlled arms would be needed to assess 
the safety and benefits of any new COX-2 selective analgesic. 

• Meta-analyses of the risks associated with selective COX-2 inhibitors need to continue to 
assess the effects of dose and duration.as more data become available; current estimates of 
risks at lower doses and with shorter duration of exposure are less precise than estimates at 
higher doses and longer duration of exposure because of small numbers of events. 

• Large, long-term trials of the GI and CV safety associated with full-dose aspirin, salsalate, or 
acetaminophen compared with nonaspirin NSAIDs or placebo are lacking. Recent 
observational data suggesting an increased CV risk with heavy use of acetaminophen 
highlight the need for long-term, appropriately powered clinical trials. 

• Given the large number of patients who meet criteria for aspirin prophylaxis for CV events, 
more trials evaluating the dose-related effects of aspirin 50-1500 mg on GI benefits and CV 
safety are needed. 

• The effects of alternative dosing strategies such as intermittent dosing or drug holidays have 
not been assessed. Studies evaluating the benefits and risks associated with such strategies 
compared with conventional dosing could help clarify the effects of these alternative dosing 
strategies. In addition, although there is speculation that once daily versus twice daily dosing 
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of certain COX-2 inhibitors could reduce CV risk, this hypothesis has not yet been tested in a 
clinical trial. 

• Most trials showing therapeutic benefits from glucosamine were conducted using 
pharmaceutical-grade glucosamine not available in the United States and may not be 
applicable to currently available over-the-counter preparations. Large trials comparing 
currently available over-the-counter preparations of glucosamine and chondroitin with oral 
NSAIDs are needed, as these are likely to remain available even if the FDA approves 
pharmaceutical-grade formulations. - 

• No topical NSAIDs are FDA approved in the United States, yet compounding of NSAIDs is 
widely available. Although recent trials of topical NSAIDs are promising, most have been 
conducted using a proprietary formulation of diclofenac with DMSO, which is not approved 
in the United States for use in humans. Cohort studies using large observational databases 
may be required to adequately assess CV risk. 

As this report was going to press, two relevant meta-analyses on risks associated with 
NSAIDs were published. We were unable to fully incorporate these studies into this report, but 
found their results generally consistent with our conclusions: 

■ A fair-quality meta-analysis of arrhythmia and renal event (peripheral edema, 
hypertension, or renal dysfunction) risk from 1 14 randomized trials of COX-2 selective 
NSAIDs found rofecoxib associated with increased risks of arrhythmia (primarily 
ventricular fibrillation, cardiac arrest, or sudden cardiac death) and renal dysfunction 
(peripheral edema, hypertension, or renal dysfunction) relative to control treatments 
(placebo, other NSAIDs, or mixed/other) . The increased risk was equivalent to 
approximately 1 . 1 additional arrhythmia events per 1 ,000 patients treated with rofecoxib. 
Celecoxib was associated with lower risks of renal dysfunction and hypertension than 
control treatments, although there was no difference for the pre-specified, primary 
composite renal outcome of peripheral edema, hypertension, renal dysfunction or 
arrhythmia. There was no clear association between other COX-2 inhibitors 
(valdecoxib/parecoxib, etoricoxib, or lumiracoxib) and either arrhythmia or renal events 
(no arrhythmia events reported with lumiracoxib). 

■ A good-quality meta-analysis of cardiovascular risk (primarily myocardial infarction) 
from 23 observational studies was largely consistent with our qualitative assessment of 
the observational literature. It found rofecoxib associated with a dose-dependent, 
increased risk of cardiovascular events that was detectable during the first month of 
treatment. Of the other NSAIDs, diclofenac was associated with the highest risk, 
followed by indomethacin and meloxicam. Celecoxib, naproxen, piroxicam, and 
ibuprofen were not associated with increased risks. Assessments of increased risk were 
modest (relative risks all <2.0), and all of the main analyses were associated with 
substantial between-study heterogeneity. 
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Chapter 1. Introduction 



Osteoarthritis, the most common form of arthritis, is associated with substantial disability and 
reduced quality of life. 2 Among U.S. adults aged 30 or older, approximately 6% have 
symptomatic osteoarthritis of the knee, and 3% have symptomatic osteoarthritis of the hip. 3 
Osteoarthritis increases with age, with the incidence and prevalence increasing 2- to 1 0-fold from 
age 30 to 65, and continues to increase after age 65. 4 Osteoarthritis accounts for more disability 
in walking, stair climbing, and other tasks'requiring use of the lower extremities than any other 
disease, particularly in the elderly. 3 The total costs for arthritis, including osteoarthritis, may be 
greater than 2% of the gross domestic product, 3 with more than half of these costs related to 
work loss. 5 

In addition to non-pharmacologic interventions (such as physical therapy, weight reduction, 
and exercise), numerous medications and over-the-counter supplements are available to treat 
pain and potentially improve functional status in patients with osteoarthritis. Each class of 
medication or supplement is associated with a unique balance of risks and benefits. In addition, 
efficacy and safety may also vary for individual drugs within a class. Oral medications 
commonly used to treat osteoarthritis include nonsteroidal anti-inflammatory drugs (NSAIDs) 
and acetaminophen (Appendix A). Many are available at lower over-the-counter and higher 
prescription doses. Commonly used supplements sold over-the-counter and not regulated as 
pharmaceuticals by the FDA include glucosamine and chondroitin. Topical agents frequently- 
used by patients with osteoarthritis are rubefacients (including capsaicin), NSAIDs, and other 
miscellaneous preparations. 6 Opioid medications are also used for patients with chronic pain, 
especially if it is refractory to other therapjes, but are not recommended for first-line treatment 
for osteoarthritis or other conditions because of risks of addiction, tolerance, diversion, and other 

7 fi 

adverse events. ' 

NSAIDs exert analgesic, anti-inflammatory, and anti-pyretic effects by blocking cyclo- 
oxygenases (COX), enzymes that are needed to produce prostaglandins. Understanding of the 
pharmacology of NSAIDs continues to evolve, but it is now thought that most NSAIDs block 
three different COX isoenzymes, known as COX-1, COX-2, and COX-3. COX-2, found in joint 
and muscle, contributes to pain and inflammation. Because they block COX-2, non-steroidal 
anti-inflammatory drugs reduce pain compared to placebo in patients with arthritis, 9 low back 
pain, 10 minor injuries, and soft tissue rheumatism. Less is known about COX-3, which has been 
found in the cerebral cortex and cardiac tissue and appears to have effects on centrally-mediated 
pain. 1 

NSAIDs are also associated with important adverse effects. NSAIDs cause gastrointestinal 
(GI) bleeding because they also block the COX-1 enzyme, which protects the lining of the 
stomach from acid. In the 1990s in the United States, nonaspirin NSAIDs are estimated cause 
32,000 hospitalizations and 3,200 deaths annually from GI bleeding. 11 A risk analysis 12 based on 
a retrospective case-control survey of emergency admissions for upper GI disease in two United 
Kingdom general hospitals provided useful estimates of the frequency of serious GI 
complications from NSAIDs. 13 In people taking NSAIDs, the 1-year risk of serious GI bleeding 
ranges from 1 in 2,100 in adults under age 45 to 1 in 1 10 for adults over age 75, and the risk of 
death ranges from 1 in 12,353 to 1 in 647 (Table 1). In addition to age, prednisone use, disability 
level, and previous NSAID-induced GI symptoms are risk factors for GI bleeding. 
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Table 1. One year risk of Gl bleeding 


due to NSAID 


Age range (years) 


Chance of Gl bleed due to NSAID 


Chance of dying from Gl 
bleed due to NSAID 




~ Risk in any one year is 1 in: 


16-45 


2100 


12,353 


45-64 


646 


3800 


65-74 


570 


3353 


> 75 


110 


647 


Data are from Blower/ J recalculated in Moore u and in Bandolier'* 



NSAIDs differ in their selectivity for COX-2 — how much they affect COX-2 relative to 
COX- 1. Theoretically, an NSAID that blocks COX-2 but not COX-1 might reduce pain and 
inflammation in joints but leave the stomach lining alone. Appendix B 15 summarizes the 
NSAIDs and their selectivity based on assay studies (done in the laboratory instead of in living 
patients). The table gives an idea of how widely NSAIDs vary in their selectivity, but should be 
interpreted with caution. Different assay methods give different results, and assay method may 
not reliably predict what will happen when the drug is given to patients. Clinical studies, rather 
than these assay studies, are the best way to determine whether patients actually benefit from 
using more selective NSAIDs. 

In addition to their propensity to caused bleeding, NSAIDs are also associated with adverse 
effects on blood pressure, renal function, and fluid retention. Mechanisms may involve 
attenuation of prostaglandin-mediated vasodilation, promotion of sodium and water retention, 
increased vascular resistance, and increased renal endothelin- 1 synthesis. 16 " 18 

An association between selective COX-2 inhibitors and increased rates of myocardial 
infarction was first observed in the large, pivotal Vioxx Gastrointestinal Outcomes Research 
(VIGOR) trial comparing high-dose rofecoxib (50 mg) to naproxen 1000 mg. 19 Reasons for the 
increase in thromboembolic cardiovascular event risk are complex and not completely 
understood, but may be related in part to suppression of endothelial-derived prostaglandin 12 
formation by selective COX-2 inhibition, in the setting of unaffected platelet production of pro- 
thrombotic COX-1 mediated thromboxane A2. 20 Blood pressure elevations associated with 
COX-2 inhibitors may also play a role in increasing cardiovascular risk. 21 On September 30, 
2004, rofecoxib was withdrawn from the market after a long-term polyp prevention trial found 
an increased risk of myocardial infarction compared with placebo. 2 On December 9, 2004, the 
US Food and Drug Administration issued a black-box warning for valdecoxib for life-threatening 
skin reactions and increased cardiovascular risk. This drug was subsequently also withdrawn 
voluntarily by the manufacturer. 

Aspirin, or acetylsalicylic acid, has long been known to have analgesic, anti-pyretic, and anti- 
inflammatory effects. 24 It is thought to be the most consumed medicinal drug in the world. Like 
the non-aspirin NSAIDs, aspirin's effects are due to blockade of cyclo-oxygenases. However, an 
important distinction between aspirin and non-aspirin NSAIDs is that aspirin also induces 
irreversible functional defects in platelets (although non-aspirin NSAIDs also have effects on 
platelet aggregation, they are short-lived). Because of these antiplatelet effects, low-dose aspirin 
is also used prophylactically to reduce thejisk of thrombotic events. 25 However, even at doses 
of 325 mg daily or lower, the potential cardiovascular benefits must be balanced against dose- 
dependent risk of aspirin-induced adverse Gl events. Salsalate, a nonacetylated salicylate, is a 
prodrug of salicylic acid, the active metabolite of aspirin. However, salsalate is considered a 
relatively weak inhibitor of cyclo-oxygenases. 26 

Acetaminophen (also known as paracetamol) is an anti-pyretic and analgesic medication that 
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is not thought to have significant anti-inflammatory properties. Although its mechanism of 
inducing analgesia is still not completely understood, it is thought to work in part by indirectly 
decreasing production of prostaglandins through inhibitor)' effects involving COX-2. 16 ' 27 
Acetaminophen is frequently recommended as a first line agent for osteoarthritis and other pain 
conditions because of its perceived favorable safety profile — particularly with regard to ulcer 
risk. 28 

Chondroitin sulfate and glucosamine sulfate are natural compounds found in cartilage. Both 
are marketed to patients who have osteoarthritis. The precise mechanisms of action are 
unknown, but may involve promoting maintenance and repair of cartilage. Glucosamine, for 
example, has been shown to increase proteoglycan synthesis. 29 In the European Union countries, 
glucosamine is available as a prescription drug manufactured by the Rotta Pharmaceutical 
Company. In the U.S., by contrast, glucosamine and chondroitin are considered dietary 
supplements and are not regulated as pharmaceuticals. Adequate standardization of glucosamine 
and chondroitin preparations is a significant concern. It has been shown that the actual content 
often varies substantially from what is stated on the label. 30 Such inconsistencies may have 
implications on estimates of efficacy and safety for different commercial preparations. 

Topical administration of NSAIDs could theoretically result in local analgesic and anti- 
inflammatory effects by direct absorption through the skin, with reduced systemic adverse events 
compared with oral administration. 3 Experimental studies indicate that topical administration is 
associated with substantially higher concentrations of NSAIDs in soft tissue (particularly 
meniscus and cartilage) and lower peak plasma concentrations compared with oral 
administration. 6 For a topical NSAID to be effective, it has to reach the inflamed tissue in 
sufficient concentrations to produce analgesic and anti-inflammatory activity. The solubility of 
specific NSAIDs varies considerably, and is also affected by the carrier or formulation used. 31 
Superior in vivo permeability characteristics, however, may not predict clinical effectiveness. 

In contrast to topical NSAIDs, whose mechanism of action involves inhibition of cyclo- 
oxygenase, topical rubefacients are thought to relieve pain through counter irritation. 6 
Although the mechanism of action of topical preparations containing salicylate esters is unclear, 
they are now usually classified as rubefacients rather than topical NSAIDs because they may not 
work via inhibition of cyclo-oxygenase. 6,33 Capsaicin, which is also often classified as a 
rubefacient, is derived from the hot chili pepper (Capsicum species). It is applied topically and 
thought to work by stimulating the release of substance P and other neuropeptides from sensory 
nerve endings. 34 Although this release can initially lead to burning and pain, analgesia occurs 
after repeated and continued application, as substance P becomes depleted. Although a wide 
variety of other rubefacients are availableronly topical salicylates and capsaicin were included in 
this review. 

The purpose of this report was to assess the comparative efficacy and safety of non-opioid 
oral medications (selective and non-selective non-aspirin NSAIDs, aspirin, salsalate, and 
acetaminophen), over-the-counter supplements (chondroitin and glucosamine), and topical 
agents (NSAIDs and rubefacients, including capsaicin) for osteoarthritis. 

Scope and Key Questions ~ 

1. What are the comparative benefits and harms of treating osteoarthritis 
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with oral medications or supplements? How do these benefits and harms 
change with dosage and duration of treatment, and what is the evidence 
that alternative dosage strategies, such as intermittent dosing and drug 
holidays, affect the benefits andtiarms of oral medication use? (Note: This 

question addresses the therapeutic benefits of long-term use for the condition osteoarthritis. 
However, the question does address all harms associated with NSAID use, including use for 
other labeled indications such as the treatment of rheumatoid arthritis,) 



Oral NSAIDs include: 
aspirin 
celecoxib 

choline magnesium 
trisalicylate 
diclofenac 
diflunisal 
etodolac 
etoricoxib* 
fenoprofen 
flurbiprofen 
ibuprofen 
indomethacin 
ketoprofen 
ketoprofen ER 
ketorolac 



meclofenamate sodium 
mefenamic acid 
meloxicam 

nabumetone 

naproxen 

oxaprozin 

piroxicam 

rofecoxib* 

salsalate 

sulindac 

tenoxicam* 

tiaprofenic acid* 

tolmetin 

valdecoxib* 



lumiracoxib* 

* These drugs are currently not approved (etoricoxib, lumiracoxib, tenoxicam, tiaprofenic acid) for use in the United States by 
the FDA or have been withdrawn from the market (rofecoxib and valdecoxib) 



Other oral agents include acetaminophen, chondroitin, and glucosamine. See Appendix A for 
a detailed listing of pharmacokinetics, indications, and recommended dosing information for all 
included drugs. Appendix C shows low, medium and high doses for the more commonly used 
NSAIDs. 

For this report, we defined the terms "selective NSAID" or "COX-2 selective NSAID" as 
drugs in the "coxib" class (e.g. celecoxib, rofecoxib, and valdecoxib). We grouped etodolac, 
nabumetone, and meloxicam into a separate category that we referred to as "partially selective 
NSAIDs," to explore how in vitro differences in COX-2 selectivity might translate into clinical 
differences in safety. The salicylic acid derivatives aspirin and salsalate were also considered a 
separate subgroup. We defined "non-aspirin, non-selective NSAIDs" or simply "non-selective 
NSAIDs" as all other NSAIDs. We included evidence on the efficacy and safety of the COX-2 
inhibitor rofecoxib, even though it is no longer available in the U.S., because it was the first drug 
to be associated with cardiovascular risks and therefore provides important historical context and 
illustrates important issues to consider when evaluating the risks and benefits of selective and 
non-selective NSAIDs. For other COX-2 inhibitors not approved by the FDA for use in the U.S. 
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(lumiracoxib and etoricoxib) or withdrawn from the market (valdecoxib), we focused only on 
evidence regarding long-term, serious GI and CV adverse events, which is likely to be the most 
important factor driving future decisions regarding their use. 

"Benefits" include relief of pain and osteoarthritic symptoms and improved functional status. 
The main outcome measures for this review were pain, functional status, and discontinuations 
due to lack of efficacy. Frequently used outcome measures include visual and categorical pain 
scales: 35 

Visual analogue scale (VAS): Using VAS, patients indicate their level of pain, function, or 
other outcome by marking a scale labeled with numbers (such as 0 to 100) or descriptions (such 
as "none 55 to "worst pain I've ever had")- An advantage of VAS is that they provide a continuous 
range of values for relative severity. A disadvantage is that the meaning of a pain score for any 
individual patient depends on the patient's subjective experience of pain. This poses a challenge 
in objectively comparing different patients 5 scores, or even different scores from the same 
patient. 

Categorical pain scales consist of several pain category options from which a patient must 
choose (e.g., no pain, mild, moderate, or severe). A disadvantage of categorical scales is that 
patients must chose among categories that may not accurately describe their pain. A variety of 
disease-specific and non-specific scales are used to assess these outcomes in patients with 
osteoarthritis. Commonly used categorical pain scales include: 

• The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), a 24- 
item, disease-specific questionnaire used to assess the functional status of patients with 
osteoarthritis of the knee and hip. A lower score indicates better function. 

• The Medical Outcomes Short Form-36 (SF-36) health survey, a commonly used general 
instrument for measuring health-related quality of life across different diseases. 37 

• Patient Global Assessment of Disease Status and Investigator Global Assessment of 
Disease Status, The patient or investigator answers questions about the overall response 
to treatment, functional status, and pain response, using a VAS or categorical scale. 

• American College of Rheumatology (ACR) criteria measure disease activity and response 
to treatment. ACR 20, ACR 50, or ACR 70 reflect either an improvement to the 20%, 
50%, or 70%o level in the parameters outlined. 

Another method for measuring outcomes is classifying patients dichotomously as 
"responders" or "non-responders " Responders are often defined as patients with at least a 50%) 
improvement in pain or function. The Outcomes Measures in Arthritis Clinical Trials- 
Osteoarthritis Research Society International (OMERACT-OARSI) criteria, for example, were 
developed through a consensus process and classifies patients as responders if they meet specific 
pre-defined criteria (>=50% improvement in pain or function that was >=20 mm on a 100 mm 
VAS, or a >=20% improvement in at least two of pain, function, or patient global assessment 
that was >=10 mm on a 100 mm VAS). 38 

"Harms" include tolerability (not having to stop the drug due to adverse effects); 
cardiovascular, hepato-, renal, and gastrointestinal toxicity; and increased risk for 
hospitalizations, drug interactions, and death. For gastrointestinal toxicity, we focused on 
serious complications associated withNSAIDs including perforation, bleeding ulcer, and gastric 
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outlet obstruction, though we also evaluated other gastrointestinal side effects (such as nausea, 
dyspepsia, and gastrointestinal tolerability. We only considered rates of endoscopic ulcers when 
data on clinical ulcer complications were incomplete or not available. 

2. Are there clinically important differences in the harms and benefits of oral 
treatments for osteoarthritis for certain demographic and clinical 
subgroups? 

• Demographic subgroups include age, sex, and race. 

• Co-existing diseases include hypertension, edema, ischemic heart disease, heart failure, 
PUD, and history of previous bleeding due to NSAIDS. 

• Concomitant medication use includes anticoagulants and aspirin. 

3. What is the evidence that the gastrointestinal harms of NSAID use are 
reduced by co-prescribing of H2-antagonists, misoprostol, or proton pump 
inhibitors? 

4. What are the benefits and safety of treating osteoarthritis with oral 
medications as compared with topical preparations? 

Topical preparations include: 

• Capsaicin 

• Diclofenac 

• Ibuprofen 

• Ketoprofen 

• other NSAIDs 

• salicylates 
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Chapter 2. Methods 



Topic Development 

The topic for this report was nominated in a public process. The key questions were 
developed by investigators from the Oregon EPC with input from a Technical Expert Panel 
(TEP) formed for this project. Contacted via teleconference, the TEP served in an advisory 
capacity for this report, helping to refine key questions, identify important issues, and define 
parameters for the review of evidence. 

Search Strategy 

A comprehensive search of the scientific literature was conducted to identify relevant studies 
addressing the key questions. Results from previously conducted meta-analyses and systematic 
reviews on these topics were sought and used where appropriate and updated when necessary. 
To identify systematic reviews, in addition to MEDLINE, we searched the Cochrane Database of 
Systematic Reviews and the websites of the Canadian Coordinating Office for Health 
Technology Assessment (CCOHTA), Bandolier, and the NHA Health Technology Assessment 
Programme.- 

To identify articles relevant to each key question, we searched the Cochrane Database of 
Systematic Reviews (through 3 rd Quarter 2005) the Cochrane Central Register of Controlled 
Trials (through 3 rd Quarter 2005) and Ovid ©MEDLINE (1966- July, 2005.) We used relatively 
broad searches, combining terms for drug/iames with terms for relevant research designs, 
limiting to those studies that focused on osteoarthritis and rheumatoid arthritis (see Appendix D 
for the complete search strategy). Other sources include reference lists of review articles and 
unpublished materials from the US Food and Drug Administration (FDA). Pharmaceutical 
manufacturers were invited to submit scientific information packets, including citations if 
applicable. All 2,665 citations from these sources were imported into an electronic database 
(EndNote® 9.0) and considered for inclusion. 



Study Selection 

Systematic reviews and controlled trials pertinent to the key questions were included. We 
retrieved any blinded or open, parallel or crossover randomized controlled trial that compared 
one included drug to another, another active comparator, or placebo. We also included cohort 
and case-control studies with at least 1 ,000 cases or participants that evaluated serious 
gastrointestinal and cardiovascular endpofnts that were inadequately addressed by randomized 
controlled trials. 
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Data Extraction 



The following data were extracted from included trials: study design, setting, population 
characteristics (including sex, age, ethnicity, diagnosis), eligibility and exclusion criteria, 
interventions (dose and duration), methodjDf outcome ascertainment if available, and results for 
each outcome, focusing on efficacy and safety. We recorded intention-to-treat results if 
available. 



Quality Assessment 



Assessing Research Quality 

We assessed the internal validity (quality) of systematic reviews and randomized trials based 
on the predefined criteria listed in Appendix E. These criteria are based on those developed by 
the US Preventive Services Task Force and the National Health Service Centre for Reviews and 
Dissemination (UK). j9 We rated the internal validity of each trial based on the methods used for 
randomization, allocation concealment,- and blinding; the similarity of compared groups at 
baseline; maintenance of comparable groups; adequate reporting of dropouts, attrition, crossover, 
adherence, and contamination; loss to followup; and the use of intention-to-treat analysis. Trials 
that had a fatal flaw in one or more categories were rated poor quality; trials that met all criteria 
were rated good quality; the remainder were rated fair quality. As the "fair quality" category is 
broad, studies with this rating vary in their strengths and weaknesses: the results of some fair- 
quality studies are likely to be valid, while others are only probably valid. A "poor quality" trial 
is not valid — the results are at least as likely to reflect flaws in the study design as the true 
difference between the compared drugs. 

Included systematic reviews were alsq^ rated for quality based on pre-defined criteria (see 
Appendix E) assessing whether they had a clear statement of the questions(s), reported inclusion 
criteria, used an adequate search strategy, assessed validity, reported adequate detail of included 
studies, and used appropriate methods to synthesize the evidence. We included systematic 
reviews and meta-analyses that included unpublished data inaccessible to the public, but because 
the results of such analyses are not verifiable, we considered this a methodological shortcoming. 

For assessing the internal validity of observational studies, we evaluated whether they used 
nonbiased selection methods; whether rates of loss to follow-up were acceptable; whether pre- 
defined outcomes were specified; whethecthey used appropriate methods for ascertaining 
exposures, potential confounders, and outcomes; and whether they performed appropriate 
statistical analyses of potential confounders. Although many tools exist for quality assessment of 
nonrandomized trials, there is no consensus on optimal quality rating methods. 40 We therefore 
did not use a formal scoring system to rate the quality of the observational studies included in 
this review, but noted methodological deficiencies in any of the above areas when present. 

Assessing Research Applicability 

The applicability of trials and other studies was assessed based on whether the publication 
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adequately described the study population, how similar patients were to the target population in 
whom the intervention will be applied, whether differences in outcomes were clinically (as well 
as statistically) significant, and whether the treatment received by the control group was 
reasonably representative of standard practice. We also recorded the funding source and role of 
the sponsor. 

Rating a Body of Evidence 

Overall quality ratings for an individual study were based on ratings of the internal and 
external validity of the trial. A particular randomized trial might receive two different ratings: 
one for efficacy and another for adverse events. The overall strength of evidence for a particular 
key question reflects the quality, consistency, and power of the set of studies relevant to the 
question. 

We assessed the overall strength of evidence for a body of literature about a particular key 
question, by examining the type, number and quality of studies; the strength of association; the 
consistency of results within and between study designs; and the possibility for publication bias. 
Consistent results from good-quality studies across a broad range of populations suggest a high 
degree of certainty that the results of the studies were true (that is, the entire body af evidence 
would be considered "good-quality.") For a body of fair-quality studies, however, consistent 
results may indicate that similar biases are operating in all the studies. Unvalidated assessment 
techniques or heterogeneous reporting methods for important outcomes may weaken the overall 
body of evidence for that particular outcome or make it difficult to accurately estimate the true 
magnitude of benefit or harm. 

Data Synthesis 

Effectiveness Versus Efficacy 

Throughout this report, we highlight effectiveness studies conducted in primary care or 
office-based settings that use less stringent eligibility criteria, assess health outcomes of most 
importance to patients, and have longer follow-up periods than most efficacy studies. The results 
of effectiveness studies are more applicable to the ''average" patient than results from highly 
selected populations in efficacy studies. Examples of "effectiveness" outcomes include quality 
of life, global measures of successful treatment, and the ability to work or function in social 
activities. These outcomes are more important to patients, family, and care providers than 
surrogate or intermediate measures such as scores based on psychometric scales. Further 
discussion of these issues is available at - 
http://effectivehealthcare.ahrq. gov/reference/purpose.cfm . 

Data Presentation 

We constructed evidence tables showing study characteristics, quality ratings, and results for 
all included studies. We also performed two quantitative analyses for this review. An important 
limitation of observational studies of NSAIDs is that none simultaneously assessed the risk for 
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serious cardiac and GI events. We therefore re-analyzed data from a set of observational studies 
that reported rates of three different serious adverse events in the same population. We assumed 
that the adverse events occurred independently and that the logarithm of the rate ratios was 
distributed normally. After estimating the effect (number of events prevented or caused) for 
each of the three adverse events, we estimated the net effects on all three serious adverse events 
using Monte Carlo simulation. 

We also pooled clinical success rates and withdrawal due to adverse events from head-to- 
head trials of topical versus oral NSAIDs using a random effects model (Dersimonian-Laird 
method, using RevMan® statistical software). We performed standard chi-square tests for 
heterogeneity. Because only four trials were available for pooling, we did not attempt meta- 
regression analyses to evaluate potential sources of heterogeneity. 
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Chapter 3. Results 



Overview 



Searches identified 2,789 publications: 1,522 from the Cochrane Central Register of 
Controlled Trials, 68 from the Cochrane Database of Systematic Reviews, 1015 from MEDLINE 
and 1 84 from the combination of other sources listed above. There were also 59 studies not 
previously reviewed for inclusion that were suggested through peer review or public comment or 
published after the searches were conducted. Following application of inclusion criteria, 351 
publications were included in this review. 

Key Question 1a. What are the comparative benefits and harms 
of treating osteoarthritis with oral medications or supplements? 

Benefits: Effectiveness and Efficacy 
Effectiveness Studies 

No controlled clinical trials of COX-2 inhibitors and/or NSAIDs met all major criteria for an 
effectiveness study (conducted in mainly primary care or office-based settings, used broad 
enrollment criteria, and evaluated longer-term, "real-life" outcomes). 

Efficacy 

Non-selective NSAIDs vs. other NSAIDs. Several good-quality systematic reviews by the 
Cochrane Collaboration evaluated trials that compared non-aspirin NSAIDs for OA of the hip 
(trials published through 1994), 41 for OA of the back (through 1998), 10 and for OA of the knee 
(through 1997). 42 These reviews found no clear differences among non-aspirin and primarily 
non-selective NSAIDs in efficacy. There were also no differences between diclofenac and 
sustained-release etodolac in patients with OA of the knee 43 or between piroxicam and standard 
formulation etodolac in patients with OA of the knee or hip 44 in two trials published subsequent 
to the Cochrane reviews. 

Nabumetone was similar in efficacy to the non-selective NSAIDs diclofenac SR 45 and 
etodolac 46 in two 4-week trials, as reported in the Cochrane review of OA of the knee. 42 

No studies of meloxicam, salsalate, or aspirin were included in any Cochrane reviews. We 
identified nine double-blinded trials of meloxicam 7.5 mg, 15 mg, and 25 mg versus other 
NSAIDs and found no clear or consistent differences in efficacy. 47 " 55 In two of the trials, 
however, patients taking non-selective NSAIDs were significantly less likely to withdraw due to 
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lack of efficacy than patients taking meloxicam. 

In the only head-to-head trial of salsalate (3 g) in patients with OA, efficacy was similar to 
that of 3.6 g soluble aspirin after two weeks of treatment. 56 

Celecoxib vs. nonselective NSAIDS. Celecoxib and non-selective NSAIDs were associated 
with similar decreases in symptom severity and improvements in functional capacity (PGA, 
WOMAC) after 6- to 24-weeks in five published trials of patients with primarily OA. 57 ~ 60 

A good-quality systematic review funded by the makers of celecoxib reached similar 
conclusions based on data from published and unpublished trials of at least 12 weeks' duration in 
patients with either OA or RA. 61 

Using an alternative endpoint, a more recent systematic review (published in 2005) with 
access to all unpublished manufacturer-held clinical trial reports reached slightly different 
conclusions about the relative efficacy of celecoxib and NSAIDs. 62 Moore et al meta-analyzed 
data from 3 1 primarily short-term (< 12 weeks) trials and concluded that celecoxib at dose of 
200-400 mg was associated with slightly higher rates of withdrawals due to lack of efficacy 
compared to non-selective NSAIDs (RR 1.1; 95% CI 1 .02, 1 .23). CLASS remains the pivotal, 
long-term study (6 to 13 months) of celecoxib in patients with rheumatoid and osteoarthritis. It 
randomized a total of 7,968 patients to celecoxib or the non-selective NSAIDs ibuprofen or 
diclofenac. A higher proportion of non-selective NSAID patients withdrew due to lack of 
efficacy (14.8% vs. 12.6%o ; p=0.005). However, CLASS focused on assessment of adverse 
events rather than efficacy, and other efficacy results were reported. SUCCESS- 1, a shorter (12- 
week), double-blind, randomized trial of 13,274 patients with osteoarthritis, found no clinically 
meaningful differences between celecoxib 100 mg or 200 mg twice daily and the non-selective 
NSAIDs diclofenac or naproxen. 63 

Rofecoxib vs. nonselective NSAIDs.*yJz were unable to determine whether all 
manufacturer-sponsored trials of rofecoxib versus NSAIDs have been published. 19,64 ' 76 All but 
one of the trials included osteoarthritis patients, and all but two 70, 72 were supported by the 
manufacturer of rofecoxib. All but two of the OA trials 73 ' 76 have been previously analyzed in a 
good-quality Cochrane review/ 7 Conclusions of the Cochrane review are consistent with our 
findings that there were no consistent differences between rofecoxib and non-selective NSAIDs 
in efficacy for OA. In addition, a pivotal, good-quality trial (VIGOR) and a good-quality 
Cochrane review found rofecoxib equivalent to naproxen in efficacy for rheumatoid arthritis. 19 ' 78 

Valdecoxib vs. non-selective NSAIDs. In clinical trials submitted to the FDA, valdecoxib 
was as effective as ibuprofen (800 mg 3 times/day), diclofenac (75 mg twice daily), and 
naproxen (500 mg twice daily) in treating osteoarthritis symptoms. Published trials found no 
difference in efficacy between valdecoxib and naproxen or ibuprofen or diclofenac. 82 A fifth 
trial found no difference in efficacy between valdecoxib 20-40 mg and slow-release diclofenac 
75 mg in treating rheumatoid arthritis. 83 

Comparisons between selective COX-2 inhibitors. We found six published randomized, 
multicenter, fair-to-good quality trials that directly compared COX-2 inhibitors for osteoarthritis 
of the knee. 84 " 89 Pharmaceutical manufacturers were reported as funding sources in all but one 
study. 88 This small (N=30), short-term (7 days), fair-quality trial found that rofecoxib 25 mg and 
celecoxib 200 mg had similar effects on patients' pain intensity, 3-hour pain relief, global 
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assessment of efficacy and rescue medication use. Two trials of higher-risk osteoarthritic 
patients with hypertension (both funded by the maker of celecoxib) found no differences in 
efficacy between rofecoxib 25 mg and celecoxib 200 mg daily, but reported a higher rate of 
adverse events with rofecoxib. 84, 3 

The remaining three trials appeared to enroll patients with similar demographics and baseline 
levels of pain and were more homogeneous in design (see table below). 86,87, 89 All compared 
rofecoxib 25 mg qd and celecoxib 200 mg qd in patients with flare-ups of chronic osteoarthritis 
of the knee and were 6 weeks in duration. One trial, funded by the manufacturer of celecoxib, 
found no difference in efficacy between rofecoxib and celecoxib, but a higher rate of adverse 
events with rofecoxib. Another (VACT. or Vioxx Acetaminophen Celecoxib Trial) trial, 
funded by the manufacturer of rofecoxib, Tound rofecoxib more effective than celecoxib, with no 
differences in rates of adverse effects. The most recent study, funded by the maker of 
celecoxib, 89 found no difference in either efficacy or adverse effects between celecoxib and 
rofecoxib. 



Table 2. Comparison of rofecoxib an d cele coxi b in flare-ups of chronic osteoarthritis of the knee 



Characteristic 


McKenna 00 


Geba 0 ' 


Gibofsky 0 * 


Rofecoxib 25mg (n) 


- 59 


95 


190 


Celecoxib 200mg (n) 


60 


97 


189 


Aspirin 325 qd permitted 


Yes 


No 


Yes 


Mean age 


62 


62.6 


62.9 


Mean osteoarthritis duration 


10.5 years 


10 years 


9 years 


Percent white 


80% 


85% 


NR 


Baseline pain on walking (score) 


72 


72 


68 


Discontinued trial by 6 wks: 








Rofecoxib 25mg 


16% 


19% 


15% 


Celecoxib 200mg 


22% 


17% 


16% 



All three trials were probably adequately randomized and blinded, and didn't have 
statistically significant differences in baseline characteristics. Gibofsky and colleagues 
hypothesized that neither McKenna nor Geba were powered sufficiently to measure differences 
between celecoxib and rofecoxib. Gibofsky viewed the McKenna study as being powered only 
to compare active treatments with placebo and the Geba study as powered to compare rofecoxib 
with acetaminophen. Therefore, Gibofsky, and colleagues set out to conduct a study powered to 
compare celecoxib and rofecoxib, with a sample size based on results of the McKenna study. 

Efficacy results are summarized in Table 3 below. Mean changes in WOMAC VAS score 
for Walking Pain were similar for celecoxib 200 mg and rofecoxib 25 mg across trials. In the 
Geba trial, rofecoxib was associated with significantly greater mean reductions than celecoxib on 
VAS scores for WOMAC Rest Pain and Night Pain and a similar mean reduction in Morning 
Stiffness. WOMAC Composite Score results from Geba and Gibofsky were conflicting. In the 
Gibofsky trial, there were no differences, but in the Geba trial, there were significant differences 
favoring rofecoxib for mean changes in the WOMAC pain (7 points) and stiffness (8 points) 
subscales. However, an analysis of data from randomized trials estimated that the minimal 
perceptible improvement for each WOMAC scale was a difference of 1 1 mm. 90 
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Table 3. Head to head efficacy comparisons at 6 weeks (mean change from baseline) 





WOMACVAS 
Scores 








WOMAC Composite Subscales 






Walking 
pain 


Rest 
pain 


Morning 
stiffness 


Night 
pain 


Arthritis 
pain 


Pain 


Stiffness 


Function 


Total 


Geba 87 




















Rofecoxib 


-42 


-31.1* 


-36.2 


-32.7** 


nr 


-35.4* 


-35* 


-29.7 


-26 


Ceiecoxib 


-36.2 


-23.4 


-29.1 


-22.6 


nr 


-28.6 


-27.9 


-24.9 


-26 


McKenna 86 




















Rofecoxib 


-38 


nr 


nr 


nr 


-40 


nr 


nr 


nr 


nr 


Ceiecoxib 


-38 


nr 


nr 


nr 


-39 


nr 


nr 


nr 


nr 


Gibofsky 89 




















Rofecoxib 


-29.2 


nr 


nr 


nr 


nr 


-42.6 


-34.7 


-35.5 


-20.1 


Ceiecoxib 


-31.5 


nr 


nr 


nr 


nr 


-42.0 


-36.7 


-37.9 


-22.1 



*p<0.05; **p<0.001; nr=not reported 



Safety: Serious Gastrointestinal and Cardiovascular Events 
Rofecoxib and Ceiecoxib: GI and CV Safety in CLASS and VIGOR 
GI Safety 

Two pivotal studies were large enough to evaluate serious complications of peptic ulcer 
disease (bleeding, perforations, obstruction) as a primary endpoint in average-risk patients (those 
without a recent UGI bleed). The VIGOR trial 19 evaluated rofecoxib versus naproxen and the 
CLASS trials 60 evaluated ceiecoxib versus ibuprofen and diclofenac. 

VIGOR (Vioxx Gastrointestinal Outcomes Research) Trial. VIGOR, a randomized, double- 
blind trial, compared twice the highest recommended dose of rofecoxib (50 mg daily) to 
naproxen 500 mg twice a day in 8,076 patients with rheumatoid arthritis. VIGOR found a 
statistically significant reduction in complicated upper GI events (defined as perforation, 
obstruction, or severe upper gastrointestinal bleeding. During a median follow-up of 9 months, 
the rates of confirmed upper gastrointestinal events were 3.0% vs. 1.4% (NNT to prevent one 
event 62), and the rates of complicated, confirmed upper gastrointestinal events were 0.9% vs. 
0.4% (NNT 192). 

VIGOR met all but one of the criteria for a good-quality study. The one weakness was the 
varying duration of exposure among study participants. The duration of VIGOR was designed to 
be both time and event driven, so that the trial would terminate after a minimum of 120 patients 
experienced clinical upper GI events (or 40 patients experienced complicated upper GI events) 
and for at least 6 months after randomization of the last patient enrolled. Because patients were 
enrolled over a 6-month period, patients in VIGOR were followed for varying lengths of time. 
The longest time a patient could have remained in the study was 1 3 months, but half of the 
patients were followed for 9 months or less, and only about 1,000 patients (13%) were followed 
for longer than 10 months. By 13 months, about 29% of the subjects had discontinued the study 
drugs. Similar proportions discontinued naproxen or rofecoxib because of an adverse event 
(naproxen — 16. 1 %, rofecoxib — 1 6.4%). 

In 2003, the VIGOR investigators published a post hoc analysis of lower GI events, defined 
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as bleeding with a 2 g/dL drop in hemoglobin or hospitalization, or hospitalization for 
perforation, ulceration, diverticulitis, or obstruction. 1 There were 1 1 events in the rofecoxib 
group and 24 events in the naproxen group (0.41 versus 0.89 per 100 patient-years; RR 0.46, 
95% CI 0.22 to 0.93). The absolute risk difference (per 100 patient-years) was -0.48 (95% CI - 
0.9 1 to -0.05), with a NNT of 208. When the investigators combined the analysis of lower GI 
events with previously reported results on upper GI complications (0.6 with rofecoxib versus 1.4 
with naproxen per 100 patient-years 92 ), the rates of all serious GI events were 0.96 for rofecoxib 
and 2.26 per 100 patient-years for naproxen (relative risk 0.43, 95% CI 0.27 to 0.67, NNT 77). 

CLASS (Celecoxib Long-term Arthritis Safety Study.) CLASS was designed as two trials 
with separate patient recruitment and randomization procedures: one compared celecoxib 400 
mg twice a day with ibuprofen 800 mg three times a day, and the other compared celecoxib 400 
mg twice a day with diclofenac 75 mg twice a day. 60 Because the FDA was concerned that 
selective COX-2 inhibitors could interfere with the benefits of COX-2 in ulcer healing and lead 
to a long term increase in GI complications without warning symptoms, the pre-specified 
primary outcome was "ulcer-related complications/' 93 Another pre-specified outcome was ulcer 
related complications plus symptomatic ulcers. The planned maximum duration of the trials 
were 15 and 12 months, respectively, or until at least 20 ulcer-related complications occurred in 
each trial, or 45 in both trials combined 94 The protocols stated that celecoxib would be claimed 
to be different from traditional NSAIDs only if there were statistically significant differences 
between celecoxib and each of the comparators, as well as between celecoxib versus the 
comparator groups combined. 

The CLASS trials were stopped early after the predefined threshold of ulcer complications 
occurred. However, the analysis and reporting of the results as presented in the main publication 
in JAMA were in part incomplete and differed in some ways from the protocols. The JAMA 
article reported truncated 6-month results even though the median duration of follow-up was 9 
months (range 6 to 13 months), and combined the ibuprofen and diclofenac results without 
reporting the results of the two trials separately. 60 Subsequently, additional details of the study 
have been made public on the FDA web site 94 and have been extensively analyzed. The findings 
of the FDA analysis suggest that the published results of CLASS are, in part, misleading because 
they appear to selectively report results at the point in time at which celecoxib was most 
effective 95 ' 97 

There were 3,987 subjects randomized to celecoxib and 3.981 subjects randomized to non- 
selective NSAIDs in the CLASS trials. For the combined outcome of ulcer complications or 
symptomatic ulcers, the JAMA article reported that patients on celecoxib experienced fewer GI 
complications compared with patients in the combined NSAID groups (32/3987 versus 51/3981, 
annualized incidence rates 2.08% vs. 3.54%, p=0.02), 60 while the rate of complicated ulcers 
alone was not significantly different (13/3987 vs. 22/3981, annualized incidence rates 0.76% vs. 
1.45%, p=0.09). However, by 12 months, according to FDA documents (see Table 14, FDA 
Medical Officer Review) 94 there was no longer a trend favoring celecoxib for the primary 
outcome of complicated ulcers. There were 17/3987 events in the celecoxib group (0.43%) 
versus 21/3981 (0.53%) in the NSAID groups combined. 94 This difference was not statistically 
significant (relative risk 1.10, 95% CI 0.47 to 2.5 8 97 ' 98 , also see Figure 4, Scheiman review 99 ). 
For the individual comparisons between celecoxib and ibuprofen or diclofenac, which were not 
reported in the JAMA article, there was no difference in the rate of ulcer complications at either 
6 months or at the end of follow-up. 97 For the outcome of ulcer complications or symptomatic 
ulcers, celecoxib was superior to ibuprofen, but not to diclofenac at either 6 months or at the end 
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of follow-up. 

Authors of CLASS have not completely explained the reasons for selective reporting of 
results, though they contend that combining the two trials and reporting ulcer complications plus 
symptomatic ulcers as a primary' outcomejvere permitted by the protocols. 100, 101 However, 
reporting only combined results appears to obscure differences between the results for the two 
comparator drugs. 96 The investigators' main argument for reporting truncated data is that results 
after 6 months were not interpretable because of high and differential rates of drop-outs due to 
symptomatic ulcers, which could have biased results against celecoxib because of depletion of 
high-risk patients in the non-selective NSAID arms. 100 ' 101 On closer inspection, however, this 
rationale appears flawed, as neither symptomatic ulcers nor gastrointestinal symptoms predicted 
ulcer complications. 96 Furthermore, simply truncating data is not considered an acceptable 
method for resolving issues related to high drop-out rates. 

Twenty per cent of the patients in the CLASS trial took aspirin in addition to their study, 
drug. When patients taking aspirin were excluded from the analysis, there were fewer confirmed 
serious ulcer complications in the celecoxib group than in the ibuprofen group (p=0.03). ' 
However, serious ulcer complications for celecoxib and diclofenac were equivalent even when 
patients taking aspirin were excluded from the analysis. 

Changes in hemoglobin or hematocrit were not a primary outcome of CLASS and were not 
reported in the main JAMA publication. However, rates of significant hemoglobin (>2 g/dL) 
and/or hematocrit drops (>=0. 10), a surrogate marker for GI blood loss, are available from the 
FDA Medical Officer Review. 94 Over the entire study period, patients randomized to celecoxib 
were significantly less likely to experience declines in these laboratory parameters (87/3701 or 
2.4%) relative to patients randomized to either diclofenac (82/1849 or 4.4%) or ibuprofen 
(102/1802, 5.7%). Celecoxib was also superior when patients were stratified according to aspirin 
use (4. 1% vs. 6.9% and 7.5%) or non-use (1 .9% vs. 3.7% and 5.2%). However, the significance 
of these findings is unclear as they were not associated with differences in clinically relevant 
outcomes (such as rates of ML angina, or congestive heart failure). 

In summary, the CLASS trials did not^demonstrate a statistically significant advantage over 
either diclofenac or ibuprofen for the primary endpoint of complicated ulcers for all patients 
enrolled over the full duration of follow-up. Celecoxib appeared superior to ibuprofen, but not 
diclofenac, in a subgroup of subjects not taking aspirin. In its decision regarding labeling for 
celecoxib, the FDA agreed with its Advisor}' Committee recommendations that CLASS did not 
demonstrate a safety advantage in upper gastrointestinal safety for celecoxib compared with 
either ibuprofen or diclofenac. 102 

Comparison between VIGOR and CLASS. There are several possible reasons why 
rofecoxib (VIGOR), but not celecoxib (CLASS), significantly reduced ulcer complications. First, 
patient populations and study designs differed. VIGOR included patients aged 50 or older with 
rheumatoid arthritis, while CLASS had a broader age range of patients with either osteoarthritis 
or rheumatoid arthritis. VIGOR also prohibited the use of aspirin while CLASS did not. 
However, the rate of ulcers in the patients taking a control drug was almost three times as high in 
VIGOR as in CLASS, although rates of ulcer complications were similar. In addition, VIGOR 
compared rofecoxib to naproxen and CLASS compared celecoxib to diclofenac and ibuprofen. 
This could have affected the results if the non-selective comparator NSAIDs are associated with 
differential risk of ulcers. Finally, it is possible that rofecoxib, which has greater COX-2 
selectivity, is truly more gastroprotective than celecoxib. 
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CV Safety 



CV risk in VIGOR. Findings from the VIGOR trial raised concerns that the putative GI 
safety benefits of COX-2 selective NSAIDs relative to non-selective NSAIDs may have come at 
the expense of increased cardiovascular eyents. The main publication of VIGOR reported that 
c; the incidence of myocardial infarction was lower among patients in the naproxen group than 
among those in the rofecoxib group (0.1 percent vs. 0.4 percent; relative risk, 0.2; 95 percent 
confidence interval, 0.1 to 0.7); the overall mortality rate and the rate of death from 
cardiovascular causes were similar in the two groups." This corresponds to one additional heart 
attack for every 333 patients treated with rofecoxib instead of with naproxen. A re-analysis of 
VIGOR with three additional myocardial infarctions not included in the results originally 
submitted for journal publication estimated a relative risk for myocardial infarction of 5.00 (95% 
CI 1.68 to 20.13) for rofecoxib comparedavith naproxen among all patients, and 3.00 (95% CI 
0.91 to 12.78) among patients in whom aspirin was not indicated. 10 For patients who had 
indications for aspirin, 8 Mis occurred during 105 person-years of exposure to rofecoxib, 
compared with no Mis during 102 person-years of exposure to naproxen. Blinded adjudication of 
the VIGOR trial data classified 45/4047 (one in every 90) rofecoxib patients and 19/4029 (one in 
212) naproxen patients as having serious thrombotic events (heart attack, stroke, unstable angina, 
transient ischemic attack, resuscitated cardiac arrest, and sudden death). 104 This corresponds to 
one additional serious thrombotic event for every 156 patients taking rofecoxib. 

CV risk in CLASS. The original publication of the CLASS trials, using 6-month data, 
reported that celecoxib had no effect on the rate of myocardial infarction or for any 
cardiovascular event (stroke, myocardial infarction, or angina) compared with diclofenac and 
ibuprofen. 60 The number of myocardial infarctions was 10/3987 (0.3%) with celecoxib versus 
1 1/3981 (0.3%) with the non-selective NSAIDS). The full CLASS data on thrombotic events 
were analyzed in more detail by White and colleagues, 103 who also found no differences in the 
rates of any significant cardiovascular event for the overall sample or for the subgroup who did 
not use aspirin. For the overall sample, myocardial infarctions occurred in 19/3987 (0.5%) of 
patients on celecoxib and 13 (0.3%) on diclofenac or ibuprofen. In fact, more detail about the 
design of the CLASS trials is necessary to judge the validity and generalizability of these results. 
In particular, reporting of longer-term data is important because 6 months of exposure to 
celecoxib may not be enough time to assess cardiovascular risk. At 8 months in the VIGOR trial 
there was no significant difference between rofecoxib and naproxen in the cumulative incidence 
of events. From 8 to 12 months, differences in the incidence of myocardial infarction between 
rofecoxib and naproxen became apparent (Figure 1 of Mukherjee ° 6 ). This observation could be 
due to increased power due to a larger number of events with longer follow-up, or in part to a 
duration-dependent increase in risk. Based on the pattern observed in VIGOR, if celecoxib is 
associated with an increased risk of cardiovascular events, it may not be seen until 10 or 12 
months of followup. In the VIGOR trial, 2,140 subjects, about one-fourth of the original sample, 
were available for 10 months of followup, and 1,045 were available for 12 months. In the » 
CLASS trials, 2,770 subjects, about one-third of the original sample, had at least 9 months of 
follow-up, and 1,126 had at least 12 months of follow-up, suggesting that an analysis should 
have been able to detect an increased risk^pf cardiovascular events similar to that observed in 
VIGOR, if it was present (see Table 4, FDA Medical Officer Review 94 ). 

White and colleagues argue that their meta-analysis shows that celecoxib is safer than 
rofecoxib. 105 To support their argument, they note that the annualized rate of all cardiovascular 
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thromboembolic events in the naproxen group in the VIGOR trial and the non-aspirin celecoxib 
users in the CLASS trial were similar. However, this comparison of rates across the VIGOR and 
CLASS studies is imprecise. After 8 months, about 0.4% of naproxen patients had experienced 
an event in VIGOR, compared to about 0.8% of non-aspirin celecoxib users in CLASS. It is not 
clear whether or not this is a statistically significant difference. By contrast, Mukherjee and 
colleagues suggested that the selective NSAlDs as a class might be associated with an increased 
risk of myocardial infarction because the 0.8% rate of myocardial infarction on celecoxib in the 
CLASS trials and the 0.74% rate on rofecoxib in VIGOR are both higher than the 0.52% rate 
observed in a meta-analysis 107 of patients receiving placebo in studies of aspirin prophylaxis. 106 
In our opinion, all of these conclusions are unsubstantiated because they involve cross-trial and 
historical comparisons. 

The importance of analyzing longer-term data and assessing dose effects are underscored by 
the results of the long-term Adenoma Prevention with Celecoxib (APC) trial in a different 
population — that of patients receiving celecoxib for colorectal polyp prevention. 108 This trial, 
which randomized patients to celecoxib versus placebo, was terminated after 33 months because 
of a higher rate of cardiovascular events (death from cardiovascular causes, myocardial 
infarction, stroke, or heart failure) in the celecoxib arms. According to Figure 1 in the main 
publication of this trial, 108 the difference in rates of events became most apparent only after 
twelve to eighteen months. There was also a non-significant increase in risk with higher 
compared to lower doses of celecoxib. Compared with placebo, the relative risk of 
cardiovascular events in patients randomized to celecoxib 400 mg twice daily was 3.4 (95% CI 
1.4 to 8.3) compared to 2.5 (95% CI 1.0 to 6.3) in patients randomized to 200 mg twice daily. 108 
Much of the increased risk was due to differences in rates of fatal or nonfatal myocardial 
infarctions, which occurred in 22/1356 (1 .6%) of celecoxib users and 3/679 (0.4%) of patients on 
placebo. 109 On the other hand, data from PreSAP, 110 another polyp prevention trial, and 
preliminary data from ADAPT, 111 an Alzheimer's prevention trial, found no significant increase 
in cardiovascular events with celecoxib 400 mg once daily (PreSAP, RR 1.3, 95% CI 0.6 to 
2.6 109 ) or 200 mg twice daily (ADAPT) compared to placebo. However, the lack of an 
association could be due to insufficient power to detect a difference because of the small number 
of myocardial infarctions associated with celecoxib in these trials (2 in ADAPT 112 and 9 in 
PreSAP 109 ). Alternatively, the smaller relative risk in PreSAP relative to APC could be related 
to a higher placebo event rate in PreSAP (7.2 versus 3.4 per 1000 patient-years). 109 SUCCESS-I, 
a recently published, large (N= 13,274) trial of osteoarthritis patients, also reported no significant 
difference in rates of cardiovascular thromboembolic events with celecoxib 100 mg or 200 mg 
twice daily versus diclofenac or naproxen (10 events or 0.55/100 patient-years in the combined 
celecoxib arms versus 1 event or 0.1 1/100 patient-years in the non-selective NSAID arms, 
p=0. 1 1), but may have been too short in duration (12 weeks) and have recorded too few events to 
detect a difference. 63 

Overall rate of serious adverse events in CLASS and VIGOR. One Canadian analysis used 
FDA materials to analyze the rates of serious adverse events, defined as death, hospitalization, or 
"any life-threatening event, or event leading to severe disability" in the CLASS and VIGOR 
trials. 113 This measure combines the rates of serious upper GI complications (in which coxibs are 
expected to have an advantage over NSAIDs) with other serious adverse events. The numbers of 
all serious adverse events were drawn directly from FDA materials, pages 7 and 8 (rofecoxib 114 ) 
and 57 (celecoxib 94 ). 
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In the Canadian re-analysis, shown in Table 4, the rates were calculated using the number of 
patients as the denominator. These simple rates are compared with the number of serious upper 
GI events, which constitute only about 10% of all serious adverse events (the two rightmost 
columns in the table). Using all serious adverse events as the criterion for "harm," the number- 
needed-to-harm one person was 82 for celecoxib vs. diclofenac, 129 for celecoxib vs. ibuprofen, 
100 for celecoxib vs. diclofenac and ibupcofen, and 65 for rofecoxib vs. naproxen. The Canadian 
authors also pooled the results for celecoxib and rofecoxib, assigning more weight to VIGOR, 
which had a longer duration than CLASS. In the pooled analysis, the number needed to harm 
was 78 for the selective COX-2 inhibitors versus non-selective NSAIDs and was statistically 
significant. 



Table 4. Re-analysis of the CLASS and VIGOR Trials 113 





ALL SERIOUS ADVERSE EVENTS 


SERIOUS UPPER GI EVENTS 


Trial 


Treatment 


Control 


Treatment 


Control 


CLASS DU 
(Celecoxib 400 

-!2S) ra 


270/3987 (6.8%) 


230/3981(5.8%) 


20/3987 (0.5%) 


24/3981 (0.6%) 


VIGOR '* 
(Rofecoxib 50 mg) 


378/4047 (9.3%)* 


315/4029 (7.8%) 


16/4047 (0.4%)* 


37/4029 (0.9%) 



♦statistically significant vs. control group. 



For the VIGOR trial, the FDA calculated rates of serious adverse events in exactly the same 
manner as the Canadian investigators. 114 The FDA analysis shows that the rates of each serious 
adverse event (except GI adverse events) were higher for rofecoxib than for naproxen. For the 
CLASS trials, the FDA used patient-years as the denominator instead of a simple proportion to 
calculate rates of serious adverse events. 94 This approach was used because the two trials that 
make up CLASS had different durations. In the FDA analysis, the rates of all serious adverse 
events combined were 1 1.6 per 100 patient-years for celecoxib; 10.3 per 100 patient-years for 
diclofenac, and 10.6 per 100 patient-years for ibuprofen, a difference that was not statistically 
significant. 

In summary, the FDA data clearly show that these two coxibs, in doses higher than those 
commonly used in practice, do not reduce the overall rate of serious adverse events, and may 
have increased them. It should be noted, however, that not all serious adverse events are equal in 
importance to patients and physicians. A reduction in the rate of one kind of adverse event might 
be considered more important than an increase in another one. 

Rofecoxib and Celecoxib: Further Analyses of CV Toxicity and GI Safety 

The GI and CV risk profiles of celecoxib and rofecoxib relative to one another and to 
NSAIDs, placebo, or no treatment have also been assessed in numerous meta-analyses of 
randomized trials and observational studies. We were unable obtain final results of one- 
systematic review evaluating the GI safety associated with selective and non-selective NSAIDs 
in time to include it in this report. 115 However, analyses of GI safety with celecoxib and 
rofecoxib in this systeamtic review were based on results from CLASS, VIGOR, the then- 
unpublished SUCCESS-1 trial of celecoxib, 116 and two previously published meta-analyses 117 ' 118 
(all included in this report). 
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Systematic Reviews and Meta-analyses of GI Safety 

Rofecoxib. VIGOR remains the only individual trial large enough to adequately assess rates 
of upper GI complications with rofecoxib and non-selective NSAIDs in patients with arthritis. 
However, the manufacturer of rofecoxib also sponsored a prospective meta-analysis of GI safety 
from eight smaller phase 2b/3 osteoarthritis trials (N=5425). n It found the 12-month combined 
incidence of perforations, symptomatic ulcers, and upper GI bleeding significantly lower with 
rofecoxib compared to non-selective NSAIDs (1.3% vs. 1.8%, P=0.046; rate per 100 patient- 
years 1 .33 vs. 2.60, RR 0.51, 95% CI 0.26 to 1 .00). The rate of ulcer complications alone, 
however, was not reported. A Food and Drug administration review has been critical of several 
aspects of this meta-analysis. 119 It notes that it is not clear how assiduously investigators of the 
trials adhered to the pre-specified protocols (for example, by not delivering the prespecified type 
of primary source material mandated in the original protocol), and that most (50 of 62) cases 
were unblinded before the adjudication process occurred. In addition, the FDA review suggests 
that simple pooling and comparisons of the rofecoxib and the non-selective NSAIDs outcomes 
may be misleading because study duration varied, different patient withdrawal criteria were 
applied, different diagnostic surveillance methods (including endoscopic surveillance in two 
trials) were employed, doses of rofecoxib varied, and different comparator NSAIDs were used. 
Rates of complicated ulcers at 12 weeks, for example, were substantially higher in patients on 
ibuprofen (1.12%) compared with diclofenac (0.19%). Further, combining symptomatic ulcers 
and ulcer complications may be less informative because the morbidity associated with ulcer 
complications is substantially higher thaivthe morbidity associated with symptomatic ulcers. 
Data reported on the FDA web site (page 78) indicate that only six complicated ulcers in 3,357 
patients on rofecoxib and five in 1,564 patients on non-selective NSAIDs (cumulative incidence 
at 12 months 0.45% vs. 0.55%) occurred; the difference was not statistically significant (relative 
risk using Cox proportional hazards model 0.51, 95% CI 0.16 to 1.69). 119 

An updated meta-analysis of 20 trials sponsored by the manufacturer of rofecoxib (excluding 
VIGOR) reported 0.21 vs. 0.45 confirmed complicated PUBs per 100 patient-years of exposure 
(p=0.03) among 10,026 subjects randomized to rofecoxib and 7,046 to non-selective NSAIDs. 
However, this meta-analysis was rated fair-quality because it did not evaluate the effects of study 
quality, duration of therapy, or dose (about 30% of patients received 12.5 mg of rofecoxib, about 
50% received 25 mg, and about 10% received 50 mg). 120 With regard to duration of exposure, 
the results as presented in this study are somewhat misleading, as the rate of PUBs are reported 
as occurring over 24.8 months (last point in time at which there were >200 patients left in each 
treatment group), even though the median duration of exposure was only 3 months. Only one- 
quarter of the patients receiving rofecoxib had over 6 months of exposure. 

The only randomized controlled trial evidence clearly demonstrating a lower risk of 
complicated ulcers with long-term use of rofecoxib compared with non-selective NSAIDs 
therefore comes from VIGOR, which evaluated a hieher-than-conventional dose of 50 mg of 
rofecoxib. Although the most recent meta-analysis 1 0 reporting rates of complicated ulcers is 
consistent with VIGOR, its results appear primarily applicable to patients with shorter-term (<6 
months) exposure to rofecoxib. 

Celecoxib. One manufacturer-funded, fair-quality meta-analysis examined the endpoint of 
"UGI ulcer complications" in 14 RCTs otpelecoxib (not including CLASS) versus placebo or 
non-selective NSAIDs (usually naproxen). 121 The trials ranged in duration from 2 to 24 weeks, 
with most lasting 6 or 12 weeks. The strength of this meta-analysis was that the endpoint — upper 
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GI bleeding with endoscopic findings of an ulcer or large erosion, perforation, or gastric outlet 
obstruction — was similar to those used in the VIGOR and CLASS trials. A Safety Committee 
adjudicated potential ulcer complications in a blinded manner. These endpoints were ascertained 
through a monitoring program that appears to have been superimposed on all of the trials; it is 
not clear how assiduously investigators complied with this program. Not all of the included trials 
have been published, and their quality was not assessed as part of the meta-analysis. In addition, 
like the meta-analysis of rofecoxib trials described above, results of the trials were simply pooled 
despite differences in dose of celecoxib, duration of therapy, or which comparator NSAID was 
used. In the 14 trials, there were 2 UGI ulcer complications among 6,376 patients in the 
celecoxib group (3 per 10,000), 9 among 2,768 in the NSAIDs group (33 per 10,000) and none in 
the placebo group (0/1,864). This corresponded to annual rates of two per 1,000 per year for 
celecoxib and about 17 per 1,000 per year for NSAIDs (p=0.002). 

There are several possible reasons why the results of the meta-analysis differed from those of 
CLASS, which did not clearly show a decreased risk of UGI ulcer complications for celecoxib 
compared to diclofenac and ibuprofen. First, the incidence of serious ulcer complications in 
CLASS was much higher than in the trials included in the meta-analysis. In the CLASS trials, 
the annualized rate of serious ulcer complications was 7.6 per 1,000 per year for celecoxib and 
14.5 per 1,000 per year for the two NSAIDs combined. 60 The nearly four- fold higher rate of 
ulcer complications in the CLASS trials compared to the other celecoxib trials could be due in 
part to enrollment of a higher-risk population, the use of concomitant medications, the dose of 
celecoxib evaluated, or other factors. In CLASS, for example, 21% of patients randomized to 
celecoxib were on aspirin and 30.6% on corticosteroids. By contrast, only 12.4% of patients in 
the meta-analysis were taking aspirin, and* 13.5% were on corticosteroids. 121 In addition, 
antiulcer medications (except for occasional antacids) were prohibited in CLASS, but used in 
16.5% of celecoxib patients in the meta-analysis. Another potential explanatory factor is that the 
high dose of celecoxib used in CLASS — 400 mg twice daily— was evaluated in only about 10% 
of the patients in the meta-analysis. It is possible that using higher doses of celecoxib could 
attenuate GI safety benefits because of incomplete COX-2 selectivity. Finally, different 
comparator NSAIDs could be associated with different risks of GI complications. In the meta- 
analysis, six trials (N=6151) compared celecoxib to naproxen versus only three trials (N=2439) 
that compared celecoxib to diclofenac or ibuprofen (the drugs evaluated in CLASS). Pooling 
data from trials evaluating different comparator NSAIDs could obscure differential effects on GI 
safety if they were present. 

Moore, McQuay and others conducted a separate meta-analysis of celecoxib trials for 
osteoarthritis or rheumatoid arthritis, with funding from Pfizer and the Oxford Pain Relief 
Trust. 62 The authors obtained a declaration from Pfizer that they had received information on all 
completed clinical trials of celecoxib and would be permitted to publish the results no matter 
what their findings showed. However, much of the data on which this meta-analysis was based 
remains inaccessible to the public. The unpublished data used in this meta-analysis add value in 
that they may help provide the most comprehensive and precise estimates of adverse events. 
However, although the meta-analysis methods appeared appropriate, it is impossible to verify 
whether the meta-analysis assessed validity appropriately, abstracted outcomes correctly, or 
otherwise confirm the reproducibility of the meta-analysis. 

Moore and colleagues reviewed over 180,000 pages of company documents, which included 
detailed information on study methods. All 3 1 included trials were rated 5 out of 5 on the Jadad 
quality scale, and 16 out of 16 on an eightjtem validity scale. Only two of the 31 trials were 
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longer than 12 weeks in duration. The meta-analysis found celecoxib associated with a lower 
risk of hemoglobin fall of 20 g/L or more (a marker for a significant GI bleed) (RR 0.72, 95% CI 
0.56 to 0.92) and hematocrit fall of 5% or more (RR 0.78, 95% CI 0.69 to 0.89) compared with 
non-selective NSAIDs. 62 Although the risk of complicated ulcers was not evaluated as a separate 
outcome, celecoxib was also associated with a lower risk of clinical ulcers and bleeds than non- 
selective NSAIDs in 18 trials (RR 0.61, 95% CI 0.46 to 0.81). When the analysis was limited to 
trials evaluating doses of 200 or 400 mg daily of celecoxib (in other words, excluding the results 
of CLASS), the benefit was more pronounced (RR 0.35, 95% CI 0.22 to 0.56). 

The largest (N=13,274) randomized controlled trial (SUCCESS-1) of celecoxib (included in 
the Moore meta-analysis) assessed ulcer complications through 12 weeks. 63 It found that in 
patients with osteoarthritis, celecoxib was associated with a lower incidence of ulcer 
complications than naproxen or diclofenac (0.1% versus 0.8%, OR 7.02, 95% CI 1.46 to 33.8; 
p=0.008). Post hoc analysis indicated that non-aspirin users in the non-selective NSAID groups 
had a significantly higher risk of ulcer complications when compared to non-aspirin users in the 
celecoxib group (OR= 12.05, 95% CI 1.45-100.09.) Among aspirin users, there was no 
statistically significant difference in the rates of ulcer complications for both NSAIDs and 
celecoxib. 63 

Systematic Reviews and Meta-analyses of CV Toxicity 

Rofecoxib. VIGOR and other randomized trials of rofecoxib have been extensively re- 
examined to further explore its cardiovascular risk profile. Many questions have been raised in 
response to the disparate findings of these analyses and a myriad of possible explanatory factors 
have been proposed. 

Rofecoxib versus non-selective NSAIDs. In October 2001, a fair-quality meta-analysis 
published in Circulation 122 by Konstam and colleagues reported pooled results from 23 rofecoxib 
Phase lib through V trials sponsored by Merck. The investigators stratified results by patient 
group (rheumatoid arthritis, osteoarthritis, or Alzheimer's disease) and by control group 
(placebo, naproxen, or non-naproxen NSAID). The risk of cardiovascular events was 1.69 times 
higher for rofecoxib than for naproxen (95% CI 1 .07 to 2.69), but was not elevated in trials 
comparing rofecoxib to non-naproxen NSAIDs (RR 0.79, 95% CI 0.40 to 1.55) (Table 5). The 
authors hypothesized that rofecoxib might have been an 'innocent bystander" in the VIGOR 
trial. In other words, rather than rofecoxib increasing the rate of cardiovascular events, naproxen 
might have reduced it. 

A problem with the Konstam analysis 122 is that the non-naproxen and naproxen studies are 
not directly comparable. VIGOR, the only long-term COX-2 trial to demonstrate a significant 
reduction in serious GI events, used rofecoxib 50 mg, prohibited aspirin, and followed patients 
for 9 months. By contrast, some of the non-naproxen-controlled studies were 12 weeks or shorter 
in duration, permitted aspirin, or used lower doses of rofecoxib. The data presented in the meta- 
analysis are also inadequate to judge the quality of the included studies and how concomitant 
aspirin use, duration of treatment, or dose might have affected rates of cardiovascular events, as 
adjustment using individual patient risk factors was not performed. 

A subsequent meta-analysis by Reicen and colleagues, also rated fair-quality, provided a 
more detailed analysis of eight phase Ilb/III trials of osteoarthritis patients previously included in 
the Konstam analysis. 123 Although the Konstam meta-analysis cites a planned duration of follow- 
up of 86 weeks for these trials, the Reicenjneta-analysis reports that the mean duration of 
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treatment was actually VA months. Like the Konstam study, insufficient information was 
provided to judge the quality of the studies analyzed or the effects of concomitant aspirin. The 
incidence of thrombotic cardiovascular adverse events was lower in the rofecoxib treatment 
group (1.93/100 patient-years) compared with the non-naproxen NSAID (ibuprofen, diclofenac, 
or nabumetone) groups (2.27/100 patient-years) (Table 5). 

The conclusion of the Reicen analysis — that there were no significant differences between 
rofecoxib and non-naproxen NSAIDs — may be valid for this set of studies. However, the results 
do not address the more specific question of whether rofecoxib is safe at the dosage proven to 
reduce serious GI events associated with fang-term use. The analysis combined data from all 
rofecoxib doses (12.5, 25, and 50 mg/day); only 545 of the patients received the 50 mg/day dose. 
Although 50 mg/day is higher than doses used conventionally, the issue of dose may be 
important because only the 50 mg dose has been shown to reduce serious GI adverse events 
compared to non-selective NSAIDs in a long-term trial. 19 It is possible that lower doses of 
rofecoxib do not increase cardiovascular events compared with non-naproxen NSAIDs. 
However, even though lower, conventional doses of rofecoxib would be expected to be 
associated with lower long-term rates of GI ulcer complications compared to higher doses, this 
has not been proven in clinical trials. 

Using a different methodology from the studies by Konstam and Reicen, a good-quality 
meta-analysis funded by the Swiss National Science Foundation came to different conclusions 
(Table 5). 124 Juni and colleagues included 18 randomized controlled trials of rofecoxib in 
patients with chronic musculoskeletal disorders (N=25,273), using published data on myocardial 
infarction as well as unpublished data available from the FDA. They found that the risk of 
myocardial infarction was higher in patients in the rofecoxib arms of trials compared with 
patients in the combined comparator armsjnaproxen, non-naproxen NSAIDs, or placebo) (RR 
2.24, 95% CI 1 .24 to 4.02). The risk did not van' according to dose of rofecoxib or duration of 
therapy (shorter versus longer than 6 months). Trials with an external endpoint committee had a 
substantially higher risk for myocardial infarction (RR 3.88, 95% CI 1.88 to 8.02) than those 
without an external endpoint committee (RR 0.79, 95% CI 0.29 to 2. 13). VIGOR contributed 
8,076 of the 21, 432 included in the meta-analysis. However, even when the results of VIGOR 
were excluded, the increased risk of myocardial infarction in trials with an external endpoint 
committee persisted (RR 2.5, 95% CI 1.1 to 6.0). 125 



Table 5. CV events in trials of rofecoxib versus non-selective NSAIDs: meta-analyses 



Study 


Outcome 


Comparison 


Relative risk (95% 
CI) 


Konstam, 2001 


Cardiovascular events 


Rofecoxib versus non-naproxen NSAIDs 
Rofecoxib versus naproxen 


0.79 (0.40-1.55) 
1.69 (1.07-2.69) 


Reicin, 2002 1ZJ 


Cardiovascular events 


Rofecoxib versus non-selective NSAIDs 


1.44 (0.65-3.17) 


Juni, 2004 1 " 


Myocardial infarction 


Rofecoxib versus any comparator 
Subgroup analyses: 

Rofecoxib versus non-naproxen NSAIDs 
Rofecoxib versus naproxen 


2.24 (1.24-4.02) 

1.55 (0.55-4.36) 
2.93 (1.36-6.33) 



Unlike the previous meta-analyses by Reicen and Konstam, the Juni meta-analysis analyzed 
aggregated study-level data, evaluated the effects of variables related to methodologic quality 
(allocation concealment and use of an external endpoint committee), and assessed the outcome of 
myocardial infarction (rather than composite cardiovascular endpoints, which could have diluted 
the effects on myocardial infarction rates). A major point of contention, however, centers on 
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whether the Juni meta-analysis inappropriately combined results from different control 
interventions. Although Reicen and others have criticized this method of analysis because 
different control interventions may be associated with different risks for myocardial infarction, ni 
Juni and colleagues 5 methods appear defensible based on their meta-regression analyses for 
potential sources of heterogeneity. They found that the only significant source of variation 
between study results was related to the use of an independent, external endpoint committee, and 
not to the type of control intervention. For studies with an external endpoint committee, the 
relative risks for myocardial infarction for rofecoxib compared with placebo, non-naproxen 
NSAIDs, or naproxen were 2.31, 2.98, and 3.72, respectively, with overlapping confidence 
intervals (p=0.41 for interaction). 125 The Reicen and Konstam meta-analyses did not assess the 
effects of this potential source of bias. Other criticisms of Juni have centered on its exclusion of 
two Alzheimer's trials (discussed below) and on some of its statistical methods (such as adding 
0.5 to both arms of a trial when no events occurred in one of the arms). However, Juni and 
colleagues appeared to follow pre-specified inclusion criteria (trials of patients with 
musculoskeletal disease), and the statistical methods for dealing with empty cells meet current 
standards for conducting meta-analysis. 127 A post-hoc re-analysis of the Juni study sponsored by 
the manufacturer of rofecoxib and criticizing its methods and conclusions is available on-line, 
but has not been published in the peer-reviewed literature. 128 

A fourth, fair-quality meta-analysis evaluated the cardiovascular risks of selective versus 
non-selective NSAIDs. 129 However, it only reported results for all COX-2 inhibitors pooled 
together. It is discussed in the section on cardiovascular risks associated with non-selective 
NSAIDs. 

Rofecoxib versus placebo. The manufacturer-funded meta-analyses by Konstam and Reicin 
found no significant differences in cardiovascular risk between rofecoxib and placebo. 122 ' 12j> In 
the Konstam analysis, the relative risk of cardiovascular events (cardiovascular, hemorrhagic, or 
unknown death; nonfatal yocardial infarction; and nonfatal stroke) was 0.85 (95% CI 0.51 to 
1.38). 122 A total of 33 cardiovascular events were reported in the rofecoxib arms. In the Reicin 
analysis, the incidence of thrombotic cardiovascular AEs was 2.71/100 patient-years in the 
rofecoxib group and 2.57/100 patient-years in the placebo group (7 events reported in the 
rofecoxib arms). 123 There were too few events to evaluate the risk of myocardial infarction 
alone: 3 in the rofecoxib arms in one meta-analysis and 19 fatal and nonfatal myocardial 
infarctions or resuscitated cardiac arrests m the other. 122 In the Juni meta-analysis, the relative 
risk for myocardial infarction with rofecoxib relative to placebo was 1.04 (95% CI 0.34 to 3. 12) 
when all trials were pooled, but 2.31 (95%) CI 0.49 to 10.82) in trials with an external endpoint 
committee. 125 

In two subsequent trials of cognitively impaired adults, rates of thrombotic vascular events 
were similar for rofecoxib 25 mg and placebo. 130, 131 Four thrombotic vascular events 
(myocardial infarction not reported separately) occurred in 321 patients randomized to rofecoxib 
(1.2%) compared to 1 1 of 327 (3.4%) randomized to placebo in one 12-month trial of 692 
patients (mean age=75.5 years) with mildlo moderate Alzheimer's dementia. 130 In the second 
trial, 38 of 723 patients with mild cognitive impairment randomized to rofecoxib (5.2%) and 36 
of 728 randomized to placebo (4.9%) had a confirmed serious thrombotic vascular event after 
1 15-130 weeks (mean age=74.9 years); the number of confirmed nonfatal myocardial infarctions 
was 13 versus 10. 131 However, more deaths occurred in the rofecoxib group in this trial (24 or 
3.3% versus 15 or 2.1%). 
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On the other hand, in another long-term (the Adenomatous Polyp Prevention on Vioxx, or 
APPROVe) trial of a different population— that of patients receiving rofecoxib for prevention of 
colon polyps — rofecoxib 25 mg/day was associated with an increased risk of cardiac events 
(myocardial infarction, sudden death from cardiac causes, or unstable angina pectoris) relative to 
placebo (RR 2.80, 95% CI 1.44 to 5.45). 132 Though the rate of events appeared to diverge only 
after 18 months in the initially published report, 132 a subsequent analysis that included adverse 
events originally censored because they occurred more than 14 days after discontinuation of 
therapy suggests that the curves began to diverge by 4 to 6 months. 133 The risk of 
cerebrovascular events and peripheral vascular events were not significantly higher on rofecoxib 
(RR 2.32, 95% CI 0.89 to 6.74 and 0.46, 95% CI 0.08 to 2.03, respectively). Reasons for the 
discordant findings between the APPROVe and the Alzheimer's trials are unclear but could be 
related to differential underlying risk in the populations studied, duration of exposure, or 
differential use of aspirin or other antiplatelet agents. 

The most recent and comprehensive meta-analysis included 37 placebo-controlled trials of 
rofecoxib. 129 It includes data from the trials evaluated in the earlier meta-analyses 122 * 124 as well 
as newer information from the long-term polyp prevention and cognitive impairment trials. 
Much of the data regarding cardiovascular event rates were obtained by requesting unpublished 
data from trial sponsors. The meta-analysis was rated fair quality because it did not adequately 
assess the quality of included trials. Rofecoxib was associated with greater risks relative to 
placebo for the outcomes "any vascular event" (1.5% or 98/6638 versus 1.1% or 72/6415, RR 
1.38, 95% CI 1.01 to 1.87) and myocardial infarction (0.8% or 54/6638 versus 0.5% or 30/6415, 
RR 1.76, 95% CI 1.14 to 2.73), but not for the outcomes stroke or vascular death. This is 
equivalent to approximately one additional myocardial infarction per 289 patients exposed to 
rofecoxib for one year instead of placebo. About 85% of the vascular events occurred in patients 
on a 25 mg dose of rofecoxib. Approximately 40% (21 of 54) of the myocardial infarctions were 
from the APPROVe trial. 132 



Table 6. CV events in trials of rofecoxib versus placebo: meta-analyses 



Study 


Outcome 


Number of 
events 


Relative risk for (95% CI) 


Konstam, 2001 


Combined cardiovascular 
events 


33 


0.84 (0.51-1.38) 


Reicin, 2002'^ 


Combined cardiovascular 
events 


7 


1.42 (0.24-6.22) 


Juni, 2004'" 


Myocardial infarction 


Not reported 


1.04 (0.34-3.12); all trials 

2.31 (0.49 -10.82); only trials with external 

endpoint committee 


Kearney, 2006'" 


Myocardial infarction 


54 


1.76 (1.14-2.73) 



Celecoxib. Five meta-analyses (three funded by the manufacturer of celecoxib ' ' ) have 
analyzed the cardiovascular risks associated with celecoxib in primarily unpublished trials. ' ' 
i34-ii6 The first ^ a f a i r .q Ua iity study by White and others, included 13 new drug application 
studies and two large post-marketing trials (CLASS and SUCCESS) of 1 8,942 patients 
randomized to celecoxib with osteoarthritis or rheumatoid arthritis. 34 Only two of the 15 trials 
were longer than 12 weeks in duration. The meta-analysis did not provide enough information 
about the design of the included studies to judge their quality. A total of 25 cardiovascular 
events (0.8%) and 6 myocardial infarctions (0.2%) occurred in patients randomized to celecoxib. 
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There were no differences in risk of cardiovascular events (cardiovascular, hemorrhagic and 
unknown deaths; nonfatal ML or nonfatal stroke), fatal myocardial infarction, or nonfatal 
myocardial infarction between patients randomized to celecoxib versus those randomized to 
placebo, all NSAIDs, or naproxen (Table 7). There were also no differences in the subgroup of 
patients who were aspirin non-users. The authors did not perform an analysis of risk associated 
with different doses of celecoxib. 



Table 7. CV events in trials of celecoxib: meta-analysis of 15 trials in patients with arthritis 134 



Comparison 


Relative risk for cardiovascular, hemorrhagic and 
unknown deaths; nonfatal Ml; or nonfatal stroke 
(95% CI) 


All patients 




Celecoxib versus placebo 


0.85 (0.23 to 3.15) 


Celecoxib versus all NSAIDs 


1.06 (0.70 to 1.61) 


Celecoxib versus naproxen 


0.85 (0.29 to 2.46) 


Aspirin non users 




Celecoxib versus placebo 


0.60 (0.11 to 3.29) 


Celecoxib versus all NSAIDs 


0.86 (0.48 to 1.56) 


Celecoxib versus naproxen 


0.82 (0.18 to 3.70) 



A second, more comprehensive meta-analysis was presented to the FDA's Arthritis Advisory 
Committee in February 2 0 05. 135 It included 41 trials of celecoxib (N=24,933) for chronic 
conditions; 33 of the trials were in patients with osteoarthritis or rheumatoid arthritis. Only four 
of the 41 trials were longer than 12 weeks in duration. The investigators used full follow-up data 
from the CLASS trials (2,320 patient-years for 3,987 patients). In addition to the composite 
outcome of any cardiovascular thromboembolic event, the analysis also reported separate 
analyses for myocardial infarction, stroke^and peripheral vascular events. Over 80% of the 
cardiovascular'events occurred in three large trials: CLASS (N=7,968), SUCCESS (N-13,194), 
and CAESAR (N=916) (the latter trial remains unpublished). The methods and limitations of 
this study were similar to the White meta-analysis. There were no significant differences 
between celecoxib and comparators for myocardial infarction, though event rates were low: only 
nine myocardial infarctions occurred among 7,462 celecoxib-exposed patients (0.12%) in the 
placebo-controlled trials. There were also no significant differences for any other cardiovascular 
thromboembolic event. 



Table 8. CV events in trials of celecoxib: meta-analysis of 41 trials 135 



Comparison 


Relative risk for myocardial infarction (95% CI) 


All patients 




Celecoxib >=200 mg/day versus placebo 


1.58 (0.92-2.72) 


Celecoxib >=200 mg/day versus non-selective NSAIDs 


1.65 (0.38-7.21) 


Aspirin nonusers 




Celecoxib >=200 mg/day versus placebo 


1.40(0.61-3.21) | 


Celecoxib >=200 mg/day versus non-selective NSAIDs 


1.64 (0.17-15.33) 



Another meta-analysis of manufacturer-held reports of 31 trials by Moore and colleagues 
found that celecoxib was not associated with a significantly increased risk for myocardial 
infarction compared with non-selective NSAIDs, any active comparator (including rofecoxib or 
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paracetamol), any comparator (including placebo), or any non-coxib comparator using a fixed- 
effect model in patients with rheumatoid or osteoarthritis, though trends towards increased risk 
were present (Table 9) 62 The overall proportion of patients randomized to celecoxib with 
myocardial infarction was less than 0.3% (fewer than 60 cases in the largest comparison). There 
were too few myocardial infarctions in the celecoxib arms of trials comparing celecoxib to 
placebo (10 events), paracetamol (0 events), or rofecoxib (1 event) to analyze differences in risk. 
In the two largest trials included in the meta-analysis (CLASS and SUCCESS-I), myocardial 
infarctions occurred in 0.23% (29 of 12,787) of patients randomized to celecoxib 200 to 800 mg 
and in 0.18% (15 of 8,375) randomized to a non-selective NSAID (RR 1.7, 95% CI 0.88 to 3.2). 

Although this study appears to adhere to high standards for conducting meta-analysis, its 
results are not verifiable because it analyzed publicly inaccessible data. In addition, myocardial 
infarctions in the included trials were as reported by investigators, and not subject to 
adjudication. The duration of exposure to celecoxib in the trials varied, with a mean of about 7 
months. The authors of the meta-analysis were unable to perform an analysis on effects of 
duration of exposure, because the trial reports generally did not provide sufficient information on 
median duration of use. 



Table 9. Mi's in trials of celecoxib: meta-analysis of 31 trials in patients with arthritis 62 



Comparison 


Relative risk for myocardial infarction 


Celecoxib 200 or 400 mg/day versus NSAID 


1.9 (0.87 to 4.1) 


Celecoxib any dose versus NSAID 


1.6 (0.93 to 2.6) • 


Celecoxib any dose versus any active comparator 


1.4 (0.87 to 2.3) 


Celecoxib any dose versus any comparator 


1.4 (0.88 to 2.2) 


Celecoxib any dose versus non-coxib comparator 


1.4 (0.88 to 2.2) 



A fourth meta-analysis of CV risk associated with celecoxib (not funded by the 
manufacturer) was less comprehensive because it did not have access to all of the trial data. 136 It 
limited its analysis to trials that were at least 6 weeks duration and reported cardiovacular events 
in published articles or publicaly available material on the FDA or manufacturer website, and 
also differed from the Moore analysis by including trials of patients receiving celecoxib for colon 
polyp prevention and Alzheimer's disease. It found that the risk of myocardial infarction was 
increased in 3 trials (APC, ADAPT, PreSAP; none of arthritis patients) comparing celecoxib to 
placebo (OR 2.26, 95% CI 1 .0 to 5. 1) and in 5 trials (APC, CLASS, ADAPT, PreSAP, VACT; 
the latter 2 of arthritis patients) comparing* celecoxib to placebo, diclofenac, ibuprofen, or 
paracetamol (OR 1.88, 95% CI 1.15 to 3.08) (Table 10). No heterogeneity was present. There 
was no association between celecoxib use and either cerebrovascular events, cardiovascular 
death, or composite cardiovascular events. Although this study was rated good quality, lack of 
comprehensiveness is a concern because it excluded 42 celecoxib trials either because they were 
shorter than 6 weeks or because publicly available information on cardiovascular events was not 
available. In addition, nearly two-thirds (18 of 29) of the myocardial infarctions in the placebo- 
controlled trials (the primary analysis) came from the APC (polyp prevention) trial. On the other 
hand, the meta-analysis also did not include the recently published, large (N=l 3,274), 12-week 
SUCCESS-I Study, which reported results consistent with its findings (10 myocardial infarctions 
or 0.55/100 patient-years in the combined celecoxib arms versus 1 myocardial infarction or 
0.1 1/100 patient-years in the combined non-selective NSAID arms). 63 
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Table 10. Mi's in trials of celecoxib: meta-analysis of trials of at least 6 weeks duration with published or 
publicly available data 136 



Comparison 


Relative risk for myocardial infarction 


Celecoxib any dose versus placebo (3 trials) 


2.3 (1.0 to 5.1) 


Celecoxib any dose versus placebo, diclofenac, 
ibuprofen, or paracetamol 


1.9(1.2 to 3.1) 



The fifth meta-analysis (also not funded by the manufacturer) analyzed data from 41 
published and unpublished trials of celecoxib (8,976 patient-years of exposure). 129 Nine of the 
trials were longer than 12 weeks in duration. Characteristics of this study, which also evaluated 
cardiovascular risks associated with otherjselective and non-selective NSAIDs, are discussed in 
the rofecoxib section above. Data on celecoxib risk primarily came from patients with 
osteoarthritis or rheumatoid arthritis (33 trials), but studies of low back or temporamandibular 
joint pain, ankylosing spondilitis, Alzheimer's disease, and colon polyp prevention were also 
included. Myocardial infarction rates were higher with celecoxib relative to placebo (0.5% or 
44/8976 person-years versus 0.2% or 9/4953, RR 2.13, 95% CI 1.20 to 3.80), and for combined 
vascular events (0.9% vs. 0.6%, RR 1.51, 95% CI 1.02 to 2.24), but there were no significant 
differences in risk of stroke alone or vascular death (Table 1 1). This is equivalent to 
approximately one additional myocardial infarction for every 325 patients treated with celecoxib 
instead of placebo for one year. The 99% confidence interval (reported in the article because of 
multiple subgroup analyses) remained significant for myocardial infarction, but not for combined 
vascular events. Two large polyp prevention trials accounted for about 60% (27 of 44) of the 
myocardial infarctions in patients randomized to celecoxib. 109 A trend towards increased risk of 
vascular events (p=0.03) with higher doses of celecoxib was present, but nearly all of the events 
at the highest (800 mg daily) dose occurred in the polyp prevention trials. Analyses on the 
effects of duration and independent event adjudication were not stratified by specific COX-2 
inhibitor, nor were estimates of cardiovascular risk with specific COX-2 inhibitors relative to 
naproxen or non-naproxen NSAIDs (see section on CV risk of non-selective NSAIDs). 



Table 1 1 . CV events in trials of celecoxib: meta-analysis of 41 trials of at least 4 weeks duration 



Comparison 


Outcome 


Relative risk (95% CI) 


Celecoxib any dose versus placebo 


Any vascular event 


1.5(1.0 to 2.2) 


Celecoxib any dose versus placebo 


Myocardial infarction 


2.1 (1.2 to 3.8) 


Celecoxib any dose versus placebo 


Stroke 


1.1 (0.6 to 2.2) 


Celecoxib any dose versus placebo 


Vascular death 


1.3 (0.6 to 2.8) 



The estimates of risk for myocardial infarction with celecoxib relative to placebo in the non- 
manufacturer-funded meta-analyses 129 ' 136 are higher than in the manufacturer- funded meta- 
analyses. 134, 135 The major reason for the difference in estimates appears to be the inclusion of 
two recent, long-term trials of colon polyp prevention (APC and PreSAP) in the former. 108, 110 A 
large number of myocardial infarctions occurred in these trials (27, compared to a total of nine in 
the most comprehensive manufacturer-fuffded meta-analysis 135 ), and estimates of risk from both 
trials were higher than previous pooled estimates without these trials (RR 1.58, 95% CI 0.92 to 
2.72). 135 In one meta-analysis, 129, 136 the rate of nonfatal myocardial infarction was 1.3% 
(18/1356) with celecoxib (200 or 400 mg twice daily) versus 0.4% (3/679) with placebo (RR 
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2.67, 95% CI 0.5 to 8.41) in the APC trial 108 and 1.0% (9/933) versus 0.5% (3/628) for a relative 
risk of 1.84 (95% CI 0.54 to 6.28) in PreSAP (400 mg once daily). 110 A subsequent analysis of 
the APC trial and PreSAP using slightly different data (due to the identification of additional 
events after study closure) reported a pooled relative risk of 1.9 (95% CI 1.1 to 3.1, no 
heterogeneity) for the composite outcome~of cardiovascular death, nonfatal myocardial 
infarction, nonfatal stroke, or heart failure. 109 Rates of fatal or nonfatal myocardial infarction in 
were 1.6% (22/1356) versus 0.4% (3/679) in the APC trial and 9/933 (1.0%) vs. 4/628 (0.6%) in 
PreSAP. 

In summary, celecoxib appears associated with an increased risk of myocardial infarctions or 
thromboembolic cardiovascular events relative to placebo. tMuch of the evidence for increased 
cardiovascular risk comes from two large, long-term polyp prevention studies comparing 
celecoxib 200 or 400 mg twice daily, or 400 mg once daily to placebo. Although trends toward 
increased myocardial infarction risk with celecoxib relative to placebo as well as relative to other 
NSAIDs are also present in meta-analyses of primarily short-term trials of arthritis patients, 
small numbers of events limit the precision of estimates from those trials. 

Observational Studies of GI and CV Safety 

Overview. Numerous long-term observational studies have evaluated the GI and CV risks 
associated with selective and non-selective NSAIDs. The studies primarily relied on claims data 
or other administrative databases or on electronic medical record data collected in practice 
networks to identify cases, and prescription claims to determine exposure. A strength of these 
studies is that they evaluated much larger populations than could be enrolled into clinical 
trials. 137 In addition, they reflect how coxibs and other NSAIDs are actually used in practice 
better than many clinical trials, which are usually short term, require rigid dosing regimens, limit 
the use of other drugs, and implement strategies to monitor and enhance compliance. 
Population- and practice-based studies may also better represent patients who would be excluded 
from randomized trials because of comorbidities, age, or other factors. 

On the other hand, the most important weakness of observational studies is that patients are 
allocated treatment in a non-randomized matter. This can lead to biased estimates of effects even 
when appropriate statistical adjustment on a variety of confounding variables is performed. 40 In 
addition, data sources typically cannot reliably assess over-the-counter aspirin, NSAIDs, or acid- 
suppressing medication use, 13 and information on prescription fills may not always accurately 
correspond to the actual degree of exposure to the drugs. 

Rofecoxib. Five observational studies reported rates of serious GI events for rofecoxib 
relative to celecoxib, NSAIDs, and non-use. ,42 (Table 12). In direct comparisons, rofecoxib 
was associated with a similar risk of upper GI complications compared to meloxicam, 140 but a 
greater risk of upper GI hemorrhage than celecoxib, non-selective NSAIDs, and diclofenac plus 
misoprostol. 139. In a nested case-control study, the risk of upper GI bleeding was modestly 
higher for rofecoxib compared to celecoxib, NSAIDs, or non-use (RR in the range of 1 to 2.) 138 
Another case-control study that reported higher relative risks of serious GI events with rofecoxib 
should be interpreted with caution because exposure information was ascertained using 
unblinded patient interviewing, which is more susceptible to recall bias than blinded coding of 
exposures status from prescription or general practice databases. 141 

Analyses of the effects of exposure duration, dosage, and study duration on risk of serious GI 
events were generally not reported. In fact, COX-2 dosages were only reported in one study 
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which reported that the proportion of patients on celecoxib receiving >200 mg/day was 19%, and 
the proportion of patients on rofecoxib on >25 mg/day was 8%. 139 



Table 12. Serious Gl events in observational studies 



Author, Year 



Study design 
Sample size 


Mean 
age (yrs) 


Duration 
(days) 


Outcome 


Main findings 


Hippisley-Cox 
2005 138 
Case-control 
Cases: 9407 


NR; > 25 


Unclear 


Complicated Gl event f risk relative to non-use: 

No for celecoxib (RR 1.25; 95% CI 0.91, 1.72) 
Yes for rofecoxib (RR 1.79; 95% CI 1.42, 
2.26); overall selective (RR 1.72; 95% CI 1.29, 
2.29) and non-selective NSAIDs (1.67; 95% CI 
1.43, 1.94); ibuprofen (RR 1.58; 95% CI 1.37, 
1 .83); diclofenac (RR 2.07; 95% CI 1 .82, 
2.35); naproxen (RR 1.97; 95% CI 1.48, 2.61) 


Mamdani 2002 uy 

Cohort 

n=143,969 


75.7 


141 


Upper Gl hemorrhage f risk relative to celecoxib: 

Yes for rofecoxib (RR 1 .9; 95% CI 1 .2, 2.8), 
non-selective NSAIDs (RR 1.9; 95% CI 1.0, 
3.5) and diclofenac* misoprostol (RR 3.2; 
95% CI 1.6, 6.5) 


Layton 2003 14U 

Cohort 

n=34,355 


60.4-62.5 


270 


Upper Gl 

complications 

(perforations/bleeding) 


Similar risk for rofecoxib and meloxicam (RR 
0.91; 95% CI 0.59, 1.42) 

i 


Laporte 2004 141 

Case-control 

Cases=2,813 


NR; > 18 


NR 


Upper Gi bleeding 


| risk vs. non-use for rofecoxib (RR 7.2; 95% 
CI 2.3, 23.0), diclofenac (RR 3.7; 95% CI 2.6, 
5.4), ibuprofen (RR 3.1; 95% CI 2.0, 4.9), 
indomethacin (RR 10.0; 95 % CI 4.4, 22.6), 
ketoprofen (RR 10.0; 95% CI 3.9, 25.8), 
ketorolac(RR 24.7; 95% CI 8.0, 77.0), 
meloxicam (RR 5.7; 95% CI 2.2, 15.0), 
naproxen (RR 10.0; 95 % CI 5.7, 17.6), 
nimesulide (RR 3.2; 95% CI 1.9, 5.6), 
piroxicam (RR 15.5; 95% CI 10.0, 24.2) 


Kasliwal 2006 142 

Cohort 

n=32,726 


62.5 


Median 
Rofecoxib= 
Celecoxib= 
p<0.0001 


Upper Gl 
=111 complications 
=90 (perforations/bleeding) 


Rofecoxib versus celecoxib aRR (95% CI): 
1.60 (0.95, 2.70) 



Fourteen observational studies evaluated the risk of cardiovascular events associated with 
rofecoxib (Table 13). l42 " b5 Interpretation of the studies is complicated by the use of different 
study designs, adjustment for different confounders, and evaluation of different populations and 
outcomes. Six of these studies appeared to rely exclusively on administrative and 
pharmaceutical databases to determine outcomes, exposures, and comorbidities. 143, I47, 149 " 152 The 
other studies supplemented administrative or claims data with chart review; 145, 153 clinical or 
practice-based databases, 146, l48, 155 or telephone interviews. 144 An interim analysis of one study 
relied on a combination of a medication surveillance database, physician questionnaires, hospital 
admission data, spontaneous reports, and national morbidity and mortality databases. 154 

Several studies indicate that using claims data is quite accurate (positive predictive value 
>90%) for identifying myocardial infarctiSn. 156, 157 A weakness of relying exclusively on 
administrative databases, however, is that they frequently have incomplete information about 
potentially important confounders such as income level, obesity, smoking status, and level of 
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education. 157 All three of the observational studies that collected information about body mass 
index, for example, supplemented administrative databases with other sources. 144 " 146 
Unmeasured confounders could result in less accurate estimates of cardiovascular risk, though 
one analysis suggests that the effects would be only modest. 1 38 On the other hand, studies can 
also 'overcontrof if they attempt to adjust for cardiovascular risk factors identified after the 
initiation of treatment, when the risk factors are actually intermediate effects of the drugs 
themselves that predispose to subsequent cardiovascular events. 139 

Rofecoxib was associated with an increased risk of CV events relative to non-selective 
NSAIDs in three of five studies 40, l44 ' l52, 153 and an increased risk relative to celecoxib in three of 
five studies. 142 ' 144 ' 145, 154, 160 In studies that compared rofecoxib, celecoxib, or NSAID use to 
non-use, none of the drugs were consistently associated with increased risk of CV events. 5 5 
H7, 149, i5i 5 155 cv event risk est i m ates from two observational studies of rofecoxib relative to 
naproxen (Solomon 2004 145 : OR 1.17, 95% CI 0.90, 1.52; Kimmel 2005 144 : OR 3.30, 95% CI 
1.37, 8.40) were lower than the estimated relative risk for myocardial infarction of 5.00 (95% CI 
1.68 to 20.13) for rofecoxib compared with naproxen in VIGOR. 103 It is likely that the 
inconsistencies in effect magnitudes were due in large part to population differences and study 
methodology. For example, risk estimates from the Solomon 2004 study 145 may only be 
generalizable to a population that is of a more advanced age than that of VIGOR (81 .6 vs. 58 
years) and of a possibly lower income level, as it focused on low-income Medicare beneficiaries. 
Participants in the Kimmel 2005 study, 144 on the other hand, were similar in mean age to those in 
VIGOR (53.1 vs. 58 years), but different methods of data ascertainment may have affected risk 
estimates. This study, which found the highest risk of MI associated with rofecoxib compared 
with celecoxib (OR 2.72), differed from the others in that it collected information about 
exposures and covariates using structured telephone interviews rather than by using 
administrative or large practice databases. 144 The use of structured telephone interviews could 
have enhanced the ability of the investigators to measure relevant confounders and drug 
exposures. On the other hand, participation bias (only 50% of those approached participated) 
and recall bias could have skewed the results, though it is not clear that such biases should favor 
either rofecoxib or celecoxib. - 

Results of studies that found similar risk of CV events with rofecoxib and meloxicam or 
celecoxib 142 ' 154 may also be less reliable. These studies adjusted for far fewer demographic and 
prognostic factors than other studies that adjusted for multiple demographic factors and 
comorbidities. 

Another factor that varied between studies was how exposure status was defined. In one of 
the studies that reported no association between rofecoxib use and cardiovascular thrombotic 
events, use of selective COX-2 inhibitors was defined as prescriptions within 6 months of the 
index date. 150 By contrast, other studies defined current use as occurring on or near the index 
date, which strengthens confidence in inferences about the link between rofecoxib and the 
observed Mis. 
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Table 13. Cardiovascular events in observational studies 

Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Levesque 2005 
Cohort 
n=59724 



T3T 



NR; > 66 22.50% 



844.8 Acute Ml, fatal or nonfatal 

} risk relative to NSAID non-use: 
Yes for rofecoxib, regardless of dose (Overall RR 
1.24; 95% CI 1.05, 1.46) 
No for celecoxib (Overall RR 0.99; 95% CI 0.85, 
1.16), naproxen (RR 1.17; 95% CI 0.75, 1.84) or 
meloxicam (95% CI 1.06; 95% CI 0.49, 2.30) 



Kimmel 2005 
Case-control 
Cases: 1718 



NR; aged 
40 to 75 



Solomon 2004 
Case-control 
Cases=1 0,895 



33.60% NR Nonfatal Ml 

| risk for rofecoxib when directly compared with 
celecoxib (OR 2.72; 95% CI 1 .24 to 5.95) or 
naproxen (OR 3.39; 95% CI 1.37, 8.40) 

| risk for rofecoxib* relative to ibuprofen or 
diclofenac (OR 2.04; 95% CI 1 .16, 3.60) or naproxen 
(OR 3.30; 95% CI 1.37,8.40) 
Risk for celecoxib* similar to ibuprofen or diclofenac 
(OR 0.77; 95% CI 0.4, 1 .48) or naproxen (OR 0.81 ; 
95% CI 0.37, 1.77) 

'Regardless of aspirin use 

NR;>80 NR 1-30 days Acute Ml 

31-90 days f risk for rofecoxib relative to celecoxib (OR 1 .24; 

> 90 days 95% CI 1.05, 1.46) 

Risk for rofecoxib similar to naproxen (aOR 1.17; 
95% CI 0.9, 1.52) or ibuprofen (aOR 1.21; 95% CI 
0.92, 1.58) or other NSAIDs (aOR 1.17; 95% CI 0.99, 
1.38) 

Risk for celecoxib similar to naproxen (aOR 0.95; 
95% CI 0.74, 1.21) or ibuprofen (aOR 0.98; 95% CI 
0.76, 1.26) or other NSAIDs (aOR 0.95, 95% CI 0.82, 
1.10) 



Hippisley-Cox 
2005 146 
Case-control 
Cases: 9218 



NR;aged NR 
25-100 



NR 



Mamdani 2003 
Cohort 
n=166,964 



First ever Ml 

f risk relative to nonuse: 

Yes for rofecoxib (aOR 1.32; 95% CI 1.09, 1.61), 
other selective NSAIDs (aOR 1.27; 95% CI 1.00, 
1.61), ibuprofen (aOR 1.24; 95% CI 1.1 '1, 1.39), 
diclofenac (aOR 1.55; 95% CI 1.39, 1.72), naproxen 
(aOR 1 .27; 95% CI 1.01,1 .60) and other non- 
selective NSAIDs (aOR 1.21; 95% CI 1.02, 1.44) 
No for celecoxib (aOR 1.21; 95% CI 0.96, 1 .54) 



NR; >66 14.70% 



165.6 Incidence of hospitalization for acute Ml: risk 

relative to non-use 

Similar risk for rofecoxib (aRR 1.0; 95% CI 0.8, 1.4), 
celecoxib (aRR 0.9; 95% CI 0.7, 1 .4), naproxen (aRR 
1.0; 95% CI 0.6, 1.7), or non-naproxen non-selective 
NSAIDs (aRR 1.2; 95% CI 0.9, 1.4) 



Graham 2005 

Case-control 

Cases=8,143 



NR: 18-84 Telephone 
interview 
subgroup 
(n=817):23% 



Mean=1 1 3 Acute Ml requiring admission or sudden cardiac 

days before death: risk relative to celecoxib 

event t risk for rofecoxib for all dosages (aOR 1 .59; 95% CI 
1.10, 2.32) or for dosages > 25 mg (aOR 3.58; 95% 
CI 1.27, 10.11), but dosages < 25 mg had risk similar 
to celecoxib (aOR 1.47; 95% CI 0.99, 2.17) 
t risk for ibuprofen (aOR 1.26; 95% CI 1.00, 1 .60), 
naproxen (aOR 1 .36; 95% CI 1 .06, 1 .75), or other 
NSAIDs (aOR 1.35; 95% CI 1.06, 1.72) 
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Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Johnsen 2005 
Case-control 
Cases=10,280 



69.6 6.9% high dose NR 



Acute Ml: risk relative to nonusers 
t risk current (aRR 1.80; 95% CI 1.47, 2.21 )and new 
users (aRR 2.52; 95% CI 1.45, 3.13) of rofecoxib 
I risk for new users of celecoxib (aRR 2.13; 95% CI 
1.45, 3.13) and similar risk for current and non-users 
of celecoxib (aRR 1.25; 95% CI 0.97, 1.62) 
Similar risk for new (aRR 1 .65; 95% CI 0.57, 4.83) or 
current users of naproxen (aRR 1.50; 95% CI 0.99, 
2.29) relative to nonuse 

f risk for new (aRR 2.65; 95% CI 2.00, 3.50) or 
current users of other nonaspirin NSAIDs (aRR 1.68; 
95% CI 1.52, 1.85) naproxen (aRR 2.13; 95% CI 
1.45, 3.13) and similar risk for current and non-users 



Shaya 2005 1:3U 


NR;70% NR 


> 60 prior to 


Cardiovascular thrombotic events: relative to 


Cohort 


were aged 


event 


non-naproxen NSAIDs 


n=6.250 


50 years 




Similar for rofecoxib (aOR 0.99; 95% CI 0.76, 1.30) 


50% black 


or 




or celecoxib (aOR 1.19; 95% CI 0.93, 1.51) 




younger 







Ray 2002^ 
Cohort 
n=378,776 



61.5 



NR 



NR 



Serious CHD (hospital admission for AMI or 
death from CHD): relative to non-use 
Similar risks for rofecoxib at dosages < 25 mg (aIRR 
1.03; 95% CI 0. 78, 1.35) or > 25 mg (aIRR 1. 70; 95% 
CI 0.98, 2.95), celecoxib (aIRR 0.96; 95% CI 0.76, 
1.21), ibuprofen (aIRR 0.91; 95% CI 0.78, 1.06), or 
naproxen (aIRR 0.93; 95% CI 0.82, 1.06 relative to 
nonuse 



T57~ 



Layton 2003 

Cohort 

n=34,355 



NR 



NR 
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Thromboembolic events: Rofecoxib vs 
meloxicam 

(A) cardiovascular: similar risk (RR 1.38; 95% CI 
0.71,2.67) 

;(B) cerebrovascular: increased risk with rofecoxib 
(RR 1.68; 95% CI 1.15, 2.46) 
(C) peripheral venous thrombotic: lower risk for 
rofecoxib (RR 0.29; 95% CI 0.11, 0.78) 



Velentgas 
2005 1! * 
. Cohort 
n =424,584 



NR (40-64 NR 
years) 



5.1 months Combined endpoint of acute coronary syndrome 
and myocardial infarction: risk relative to 
ibuprofen or diclofenac (adjusted rate ratios) 
Increased risk for current use of rofecoxib (1 .35; 95% 
CI 1.09, 1.68) and but not for recent use (1.15; 95% 
CI 0.88, 1.50) 

No increased risk for current (1 .03; 95% CI 0.83, 
1.27) or recent use of celecoxib (0.91; 95% CI 0.70, 
1.17) 

No increased risk for current (1.14 95% CI 0.93, 
1 .39) or recent use of naproxen (0.86; 95% CI 0.70, 
WW) 
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Harrison- 
Woolrych 2005 
Cohort 

Interim analysis 
of 11,149 of 
58,849 who 
completed follow- 
up by 11/30/04 



NR 



NR 



NR 



Thrombotic cardiovascular events 

Celecoxib and rofecoxib were associated with similar 

risks (aHR 0.94; 95% CI 0.51, 1.70) 
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Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Andersohn 
2006 155 
Case-control 
Cases=3,643 



68.7 



NR 



Mean=542 aRR (95% CI) for diagnosis of AMI, death from 
days AMI, or sudden death from coronary heart 
disease (CHD) relative to nonuse: 
Increased risk for celecoxib 1 .56 (1 .23, 1 .98), 
rofecoxib 1.33 (1.06, 1.67), etoricoxib 2.02 (1.08, 
3.80) and diclofenac 1.36 (1.17, 1.58) 
No increased risk for valdecoxib 4.26 (0.60, 30.27), 
ibuprofen 1.00 (0.83, 1.21) or naproxen 1.16 (0.86, 
1J58) 



Kasliwal 2006 
Cohort 
n=32,726 



62.5 Rofecoxib=35.3% Median aRR (95% CI) for rofecoxib versus celecoxib 

Celecoxib=21 .9% Rofecoxib=1 1 1 (adjusted for age, age2, sex, and concomitant use of 
P<0.0001 Celecoxib=90 the combination of aspirin and/or 

p<0.0001 antiplatelet/anticoagulant agents 

(a) Cardiovascular TE: 1.04 (0.50, 2.17) 

(b) Cerebrovascular TE: 1.43 (0.86, 2.38) 

(c) Peripheral venous (DVT/PE): 0.36 (0.01, 1.34) 

aOR=adjusted odds ratio; aRR=adjusted relative risk; aIRR=adjusted incidence rate ratios; aHR=adjusted hazard ratio; 
CI=confidence interval 



Celecoxib. As summarized above, celecoxib was consistently associated with lower risks of 
serious GI 139 and CV events 144, 145, 160 than rofecoxib in several observational studies. 
Observational studies also demonstrated that, compared with non-selective NSAIDs, celecoxib 
was consistently GI protective 139, 162 or neutral 138 and was never associated with higher risks of 
CV events. 144,145,150 ' 160 . 

Specifically, with regard to GI safety, celecoxib was associated with significantly lower risks 
of GI hemorrhage when directly compared to non-selective NSAIDs (relative risk 0.23, 95% CI 
0. 12, 0.43) 139 and of perforation or bleeding compared to meloxicam (RR 0.56; 95% CI 0.32, 
0.96). 162 Risk of complicated GI events was significantly lower for NSAID nonuse relative to 
numerous NSAIDs (i.e., selective NSAIDs, ibuprofen, diclofenac, naproxen, non-selective) but 
was similar relative to celecoxib. 138 

• With regard to CV safety, celecoxib was associated with similar risks (estimate range 0.77 to 
1.19) of serious CV events compared to ibuprofen, diclofenac, naproxen, and "other NSAIDs" 144 ' 
14r> ' 1d0 and, in one study, was associated with significantly lower risks of acute MI requiring 
admission or sudden cardiac death than ibuprofen, naproxen, or other NSAIDs. 160 

Relative to non-use, some observational studies have shown an increased risk of MI 
associated with celecoxib 149 ' l55 , whereas others have not. 143 ' 146 ' 147 In the two studies that found 
an association, the increased MI risk was either time-dependent 149 or dose-dependent. 155 

Additional analysis of observational studies. An important limitation of the observational 
studies is that they did not simultaneously assess the risk for serious cardiac and GI events. We 
re-analyzed data from three studies that reported rates of acute myocardial infarction, 147 hospital 
admissions for congestive heart failure, 163 and upper gastrointestinal bleeding 139 in a large cohort 
of elderly patients in Ontario, Canada, to estimate the net effects of selective and non-selective 
NSAIDs on serious cardiovascular and GI events in this population. Although the three studies 
evaluated the cohort at slightly different points in time, study methods and populations 
characteristics appeared essentially identical. 
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We calculated the effects of selective and non-selective NSAIDs on numbers of acute 
myocardial infarction, upper GI bleed, and hospitalization for heart failure using baseline rates of 
events in patients not exposed to NSAIDs and estimates of risk as reported in the studies (Table 
14). We then estimated the net effects on all three serious adverse events using Monte Carlo 
simulation (see Methods section for additional details). 



Table 14. Baseline rates of Ml, upper Gl bleed, and congestive heart failure (CHF) and risk associated with 
selective and non-selective NSAIDs in an Ontario cohort of elderly persons 



Adverse 
event 


Study, year 


Baseline 
rates (per 
1000 
person- 
years) 


Risk with 
celecoxib 


Risk with 
rofecoxib 


Risk with non- 
selective 
NSAIDs 


Risk with 
naproxen 


Myocardial 
infarction 


Mamdani, 
2003 147 


8.2 


0.9 (0.7 to 
1.2) 


1.0 (0.8 to 1.4) 


1.5(1.2 to 1.8) 


1 .0 (0.6 to 
1.7) 


Upper Gl 
bleed 


Mamdani, 
2002 139 


2.2 


1.0 (0.7 to 
1.6) 


1.9 (1.3 to 2.8) 


4.0 (2.3 to 6.9) 


4.0 (2.3 to 
6.9) 


Heart failure 
admission 


Mamdani, 
2004 163 


9.1 


1.0 (0.8 to 
1.3) 


1.8 (1.5 to 2.2) 


1.4 (1.0 to 1.9) 


1.4 (1.0 to 
1.9) 



Our results (see Table 1 5) suggest that in this population, under real-world conditions, use of 
celecoxib was neutral with regard to these adverse events when compared with non-use. On the 
other hand, use of rofecoxib, non-selective NSAIDs, and naproxen were all associated with more 
serious adverse events than they prevented (Table 15). Rofecoxib and naproxen essentially 
appeared equivalent when considering all three adverse events together, though rofecoxib was 
associated with more heart failure admissions and fewer GI bleeds. Our estimates are consistent 
with analyses of serious adverse events in VIGOR (discussed earlier), which found that rates 
were essentially equivalent for rofecoxib and non-selective NSAIDs. 113, 114 However, the result 
are discordant from analyses of serious adverse events in CLASS, which found that celecoxib 
offered no advantage over non-selective NSAIDs. 94 ' 113 Differences in populations (the Ontario 
cohort only enrolled patients over 65 years old who filled multiple prescriptions), indications for 
starting celecoxib, dosing of celecoxib, ofco-medication use might account for this discrepancy. 
In addition, because these studies only included patients who filled multiple prescriptions for 
NSAIDs, the analyses could underestimate early adverse events. 



Table 15. Effects of selective or non-selective NSAIDs on number of serious adverse events 





Estimated effect on 
Mrs (number per 
1000 person-years) 


Estimated effect on 
Gl bleed (number 
per 1000 person- 
years) 


Estimated effect on 
heart failure 
admissions 
(number per 1000 
person-years) 


Net effect on 
number of Mi's, Gl 
bleeds, and heart 
failure admissions 
(number per 1000 
person-years) 


Celecoxib 


-0.82 (-2.46 to 1.64) ' 


0 (-0.66 to 1 .32) 


0(-1.82 to 2.73) 


-0.70 (-3.58 to 2.71) 


Rofecoxib 


0(-1.64 to 3.28) 


+1.98 (0.66 to 3.96) 


+7.28 (4.55 to 10.92) 


+9.42 (5.47 to 13.99) 


Non-selective 
NSAIDs 


+4.1 (1.64 to 6.56) 


+6.6 (2.86 to 12.98) 


+3.64 (0 to 8.19) 


+14.68 (8.59 to 
22.72) 


Naproxen 


0 (-3.28 to 5.74) 


+6.6 (2.86 to 12.98) 


+3.64 (0 to 8.19) 


+10.77 (3.92 to 
19.89) 
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GI and CV Safety of Valdecoxib 



The risk of clinically significant upper GI events (bleeding, perforation, and gastric outlet 
obstruction) with valdecoxib was evaluated in a fair-quality, manufacturer-funded meta-analysis 
of eight randomized controlled trials of 12 to 26 weeks duration. 117 This study prospectively 
defined ulcer complications and used independent adjudication to determine adverse events. 
However, it is not described how assiduously the trials adhered to the adjudication process. Four 
of the trials were not published, and there-°was insufficient information about study design to 
determine the quality of the trials. The meta-analysis found valdecoxib associated with a 
significantly lower rate of significant upper GI events compared with non-selective NSAIDs 
(0.68% vs. 1.96%, all patients; 0.29% vs. 2.08%, non-aspirin users; p<0.05). Another meta- 
analysis of five trials by the same authors found valdecoxib associated with a lower risk of 
'moderate-to-severe ; upper GI symptoms compared with non-specific NSAIDs (HR 0.59, 95% 
CI 0.47 to 0.74) and similar risk relative to placebo. 164 Adverse events were self-reported by 
patients in these trials, and the quality of the trials was not assessed by the meta-analysts. Two 
of the included trials were published onlyin abstract form. 

We found no published trials evaluating the risk of cardiovascular events associated with 
valdecoxib in patients with arthritis. Valdecoxib was not associated with an increased risk of 
cardiovascular events relative to placebo or other NSAIDs in any of three fair-quality meta- 
analyses of primarily unpublished data. The ability to detect increased cardiovascular risk in all 
of these meta-anslyses is limited by small numbers of events. A meta-analysis funded by Pfizer 
and presented to the FDA in February 2005 analyzed primarily unpublished data from 19 trials 
of patients with chronic pain (methods described above in the section on celecoxib). 133 Thirteen 
studies were of patients with osteoarthritis or rheumatoid arthritis. Three were longer than 12 
weeks in duration. There was no association between valdecoxib use and either cardiovascular 
thromboembolic events or myocardial infarction (Table 16). However, only 5 of 4,438 patients 
(0.2%) randomized to valdecoxib in the placebo-controlled trials and 6 of 4,591 (0.1%) in the 
active-controlled trials had a cardiovascular event. An earlier meta-analysis of 10 trials (also 
funded by Pfizer, and using similar methods) also found no difference in risk for myocardial 
infarction between valdecoxib and either placebo or other NSAIDs. 134 



Table 16. Myocardial infarction in trials of valdecoxib for chronic pain: meta-analysis of 19 trials 135 



Comparison 


Relative risk for myocardial infarction 


Valdecoxib >=10 mg/day versus placebo 


1.80 (0.47-6.97) 


Valdecoxib >=10 mg/day versus non-selective NSAID 


0.32 (0.12-0.87) 



The most recent meta-analysis (not funded by the manufacturer) included 14 placebo- 
controlled trials (Table 17). 129 There were no significant differences between valdecoxib and 
placebo for the outcomes any vascular event (RR 1 .47, 95% CI 0,44 to 4.95), myocardial 
infarction (RR 1.65, 95% CI 0.28 to 9.87), stroke (RR 0.85, 95% CI 0.07~to 10.6) or vascular 
death (RR 2.72, 95% CI 0.49 to 15.2). A total of 14 vascular events (1.9%) and 8 myocardial 
infarctions (1.1%) occurred among the 748 patients in the valdecoxib arms. 
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Table 17. Cardiovascular events in trials of valdecoxib versus placebo: meta-analysis of 14 trials 1 



Comparison 


Outcome 


Relative risk 


Valdecoxib versus placebo 


Any vascular event 


1.47 (0.44-4.95) 


Valdecoxib versus placebo 


Myocardial infarction 


1.65 (0.28-9.87) 


Valdecoxib versus placebo 


Stroke 


0.85 (0.07-10.6) 


Valdecoxib versus placebo 


Vascular death 


2.72 (0.49-15.2) 



None of the meta-analyses included two short-term (<2 month) trials in the high-risk setting 
of post-coronary artery bypass surgery. 16 ^ 166 In these trials, parecoxib (an intravenous coxib 
rapidly converted to valdecoxib) followed by valdecoxib (40 mg bid 163 or 20 mg bid 166 ) was 
associated with a two- to three-fold higher short-term risk of cardiovascular events compared 
with placebo (pooled relative risk 3.08, 95% CI 1 .20 to 7.87). 167 

FDA information. A warning was added to the valdecoxib product label in November, 2002. 
It was prompted by reports of cases of serious anaphylactic reactions and serious dermatologic 
adverse events in postmarketing surveillance. 168 A study of two large European data sources and 
the US FDA spontaneous adverse events reporting system prior to the introduction of COX-2 
inhibitors found other NSAIDs — in particular piroxicam and tenoxicam — also associated with 
Stevens- Johnson syndrome and toxic epidermal necrolysis. 169 However, the rates of these events 
were extremely low, on the order of one per 100,000 or less during an initial 8-week course of 
therapy. 

GI and CV Safety of Etoricoxib 

A fair quality meta-analysis of ten RCTs, which included long-term (>1 year) data from 7 
trials of OA, RA, or ankylosing spondylitis patients, found etoricoxib at doses ranging from 5 to 
120 mg/day (mean dose 87 mg/day) associated with a lower risk of confirmed PUBs (upper GI 
perforations, symptomatic gastroduodenal ulcers, and upper GI bleeding) compared to diclofenac 
150 mg/day, naproxen 1000 mg/day or ibuprofen 2400 mg/day (1.24% vs. 2.48%, RR 0.48, 95% 
CI 0.32, 0.73). This meta-analysis was rated fair quality because it did not provide adequate 
detail of the included trials and did not evaluate the effects of dose, duration, or other potential 
sources of heterogeneity. In addition, it included results of noncomparative extension phases in 
its analyses, resulting in unequal durations of follow-up for the etoricoxib group (median 12.4 
months) compared to the non-selective NSAID groups (median 6.3 months). There were too few 
events in patients on concomitant aspirin (8 overall) to evaluate its effects on GI safety. An 
earlier meta-analysis that used similar methods to analyze rates of perforations, symptomatic 
ulcers, and bleeds reported similar results. 171 

There is only limited evidence regarding the CV risk associated with long-term use of 
etoricoxib. One 52-week trial reported that no patients randomized to naproxen and five (2%) 
randomized to etoricoxib (four receiving 90 mg/day; one 120 mg/day) experienced a serious 
cardiovascular adverse event. 172 . 

Three meta-analyses have evaluated cardiovascular risks associated with etoricoxib. The 
largest and most recent meta-analysis (by Kearney and colleagues) included 1 7 placebo- 
controlled trials of patients (1,167 person-years of exposure) mainly with osteoarthritis or 
rheumatoid arthritis. 129 Most of the trials had short (less than 12 weeks) placebo-controlled 
periods. There was no difference between etoricoxib and placebo for risk of any vascular event 
(RR 1.78, 95% CI 0.43 to 7.40), myocardial infarction (RR 4.48, 95% CI 0.20 to 99.4), stroke 
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(RR 1.17,95% CI 0.21 to 6.51), or vascular death (RR 4.48, 95% CI 0.36 to 56.3). The number 
of cardiovascular events was very low, with only two myocardial infarctions over 753 person- 
years of exposure to etoricoxib (0.3%). A less-comprehensive systematic review of five short- 
term trials (all included in the Kearney meta-analysis) also found no significant increased risk of 
thromboembolic event (pulmonary embolism, deep vein thrombosis, myocardial infarction, 
unstable angina, cerebrovascular accident, or transient ischemic attack) with etoricoxib (dose 
range 30 to 90 mg) versus placebo (OR 1.49, 95% CI 0.42-5.3 1). 173 A third meta-analysis 
(available only as an abstract) of 12 trials of unspecified durations found that the cardiovascular 
safety of etoricoxib compared favorably to placebo and non-selective NSAIDs (RR 1.11, 95% CI 
0.32, 3.81 and RR 0.83, 95% CI 0.26, 2.64, respectively) though there was a trend towards 
increased risk compared to naproxen (RR 1.70, 95% CI 0.91,3. 18). 174 

GI and CV Safety of Lumiracoxib 

One large (N- 18,325), long-term (52 weeks) study of osteoarthritis patients (The Therapeutic 
Arthritis Research and Gastrointestinal Event Trial, or TARGET) compared the safety of a 
supratherapeutic dose of lumiracoxib (400 mg/day) to naproxen (1000 mg/day) or ibuprofen 
(2400 mg/day) over 52 weeks. 175 " 177 In patients not taking aspirin, lumiracoxib was associated 
with a lower risk of bleeding, perforation, or obstruction compared to naproxen or ibuprofen (HR 
0.21, 95% CI 0.12, 0.37, 1-year incidence of ulcer complications 0.25% vs. 1.09%). There 
was no difference in ulcer complication risk among aspirin users (HR 0.79, 95% CI 0.40, 1.55). 
The rate of myocardial infarction was low, ranging from 0.16% to 0.38%, and there were no 
statistically significant differences between interventions (HR 1.77 for lumiracoxib versus 
naproxen, 95% CI 0.82, 3.84 and HR 0.66 for lumiracoxib versus ibuprofen 95% CI 0 21 
2.09). 177 - ' 

A recent fair-quality meta-analysis of 12 primarily short-term trials found no significant 
increase in risk of vascular events (RR 1.13, 95% CI 0.43 to 2.93), myocardial infarction (RR 
1.07, 95% CI 0.20 to 5.63), stroke (RR 0.63, 95% CI 0. 13 to 3.11), or vascular death (RR 2.55, 
95% CI 0.54 to 12.0) with lumiracoxib relative to placebo. 129 The number of events, however,' 
was low, with only five myocardial infarctions among 1375 patients in the lumiracoxib arms 
(0.4%). 

GI and CV Safety: Comparison of NSAIDs " 

Partially selective NSAIDs. Evidence that meloxicam, nabumetone, and etodolac prevent 
ulcer complications is weaker than that for coxibs. Meloxicam is the most widely studied of the 
three drugs and was generally associated with no advantage in GI protection relative to other 
partially-selective and non-selective NSAIDs or non-use. 143, 178 " 185 Evidence for nabumetone and 
etodolac is sparse and insufficient to make reliable judgments about comparative GI and CV 
safety. 

Meloxicam Risks of serious ulcer complications (perforation, bleeding, or obstruction) 
and/or MI were reported in one clinical trial of meloxicam 179 and three observational studies. 143. 

In the single, poor-quality (non-randomized and non-blinded) trial, meloxicam was not 
associated with significant differences in rates of GI hemorrhage at 6 months relative to other 
NSAIDs (RR 0.32; 95% CI 0.06, 1.63) in 4,526 rheumatoid arthritis patients seen by family or 
internal medicine physicians in Germany between August 1996 and July 1997. 179 However, 
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differences in baseline disease severity could have favored the control group, and it is unclear 
whether the analyses adjusted for such baseline differences. Estimates of GI and CV risk have 
also been reported in two recent (2004) cohort studies that followed participants for 14 months 180 
and 2.4 years. 143 GI complication-related hospitalizations were similar for meloxicam (0), 
nabumetone (1, 4.5%), salsalate (1, 5.9%), naproxen (5, 7.9%), and ibuprofen (0) among a cohort 
of long-term care residents in Indiana (mean age=81.2 years). 180 In a cohort of 59,724 elderly 
individuals in Quebec, meloxicam (adjusted rate ratio 1.06; 95% CI 0.49, 2.30) and naproxen 
(1.17; 95% CI 0.75, 1 .84) were associated with similar increases in risk of MI relative to non- 
use. 143 Meloxicam (RR 1.5; 95% CI 0.1, 17.1), naproxen (RR 1.0; 95% CI 0.3, 3.3), and 
piroxicam (RR 0.7; 95% CI 0.2, 2.3) wero,also associated with similar nonsignificant risks of MI 
relative to diclofenac in a nested case-control study using data from the UK GPRD. 182 

Estimates of GI risk as measured by a composite score that included GI tolerability, PUBs, 
hospitalization or Gl-related death outcomes were reported in a good-quality meta-analysis. 183 
Compared to non-use, the composite GI risk for meloxicam (RR 1.24; 95% CI 0.98, 1.56) was 
comparable with that of non-selective NSAIDs. Relative risks of GI hospitalizations or GI- 
related deaths alone were not reported. Composite GI outcome data from cohort studies were 
also analyzed in this study and suggested higher risk estimates (combined NSAID RR 2.2, 95% 
CI 1.7, 2.9) than the trials, but the results were not stratified by individual NSAIDs. 

Three meta-analyses focussing only on short-term trials reported PUBs (perforation, 
symptomatic ulcer, or bleeding) associated with meloxicam. The first meta-analysis included 10 
trials (seven double-blinded). 1 1 Most of the patients were followed for only 4 weeks, and the 
dose of meloxicam was 7.5 mg in 4 trials and 15 mg in 6 trials. The meta-analysis did not report 
absolute event rates, but found that the risk of PUBs was reduced in the meloxicam patients (OR 
0.52, 95% CI 0.28-0.96) relative to non-selective NSAIDs. A twelve-week double-blind trial of 
meloxicam 7.5, 15 or 22.5 mg and diclofenac 75 mg bid in RA patients (n=894) published after 
this meta-analysis found similar PUB rates (1.1%, 0.5%, 0.6%, and 0%, respectively) in all 
arms. 178 In a more recent meta-analysis funded by the manufacturer of meloxicam and using 
manufacturer-held documents from 28 trials, there was a dose-response relationship between 
meloxicam and PUBs as ascertained by a blinded, external adjudication committee. 186 
Meloxicam at 7.5 mg was associated with lower PUB rates during the first 60 days compared to 
diclofenac, piroxicam, or naproxen, but the 15 mg dose was only associated with lower PUB 
rates than piroxicam. In a third meta-analysis (not yet published) of three short-term (4- to 6- 
week) trials, there was no difference in the risk of complicated ulcers (perforations, obstructions 
and bleeds) associated with meloxicam relative to the non-selective NSAIDs piroxicam (two 
trials 47 ' 52 ) and diclofenac(one trial 49 ), with a relative risk of 0.50 ( 95% CI 0.23, 1.12). 115 

Nabumetone. For nabumetone, a fair-quality meta-analysis of six short-term (3 to 6 months) 
studies (five published and one abstract) found one PUB event among 4,098 patients taking 
nabumetone versus 17 events among 1,874 non-selective NSAID patients; this result was highly 
statistically significant 187 The absolute PUB rates were about 2 versus 6 per 1,000 patient-years. 
For comparison, in a similar meta-analysis of rofecoxib studies, the PUB rates per 1 ,000 patients 
per year were 13 for rofecoxib and 26 for NSAIDs; 118 it is not clear why the rates of PUBs were 
so much lower in the nabumetone trials. There was also a significant reduction in treatment- 
related hospitalizations in the nabumetone group (6.4 per 1,000 patients per year vs. 20.3 per 
1 ,000 patients per year). The results of this meta-analysis are not directly comparable to other 
trials and meta-analyses that reported complicated ulcers as a separate outcome because 
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symptomatic ulcers were also included. In addition, the methods used to ascertain the endpoints 
in the trials were not described in enough "detail to determine whether they were accurate and 
applied consistently. Finally, the similarity of the subjects in the efficacy trials to a broader 
group of NSAID users could not be determined. 

Etodolac. We found no trials reporting rates of serious GI complications in patients taking 
etodolac. In two observational studies, etodolac was not associated with a lower rate of PUBs 
compared to non-use 184 or naproxen. 188 In another observational study using data from the UK 
General Practice Database, the adjusted relative risks of PUB compared with non-use ranged 
from 2.2 (95% CI 0.4, 1 1.3) for etodolac to 6.2 (95% CI 3.7, 10.1) for piroxicam and overlapped 
across all NSAIDs studied. 189 When compared to naproxen using historical data from Dallas 
Veterans Affairs Medical Center records, etodolac had a GI protective effect for all users (RR 
0.24, 95% CI 0.09, 0.63) and for NSAID-naive users (RR 0.18, 95% CI 0.05, 0.61) only when 
low-dose aspirin was not taken concomitantly. 

Non-selective NSAIDs - GI safety. Randomized controlled trials 1 15 and observational 
studies 11 ' 190, 191 consistently report that non-selective, non-aspirin NSAIDs are associated with 
increased risks of serious GI events relative to non-use. There is no clear, consistent evidence 
that any one non-selective, non-aspirin NSAID is any less risky than another. 

Preliminary results (not yet published) from a meta-analysis of randomized controlled trials 
found that selective COX-2 inhibitors as a class (defined by the investigators as celecoxib, 
rofecoxib, valdecoxib, lumiracoxib, and meloxicam) were associated with lower risks of 
complicated ulcers (perforation, obstruction, or bleed) when compared with naproxen (0.34; 95% 
CI 0.24, 0.48), ibuprofen (0.46; 95% CI 0.30, 0.70), and diclofenac (0.31; 95% CI 0.06, 1.61). 115 
There were no clear differences among the three non-selective NSAIDs. The validity of these 
findings, however, cannot be assessed until the full report is published. However, they are 
consistent with results from a previous meta-analysis in which increased risks of GI 
complications (major plus minor) were similar for different NSAIDs relative to non-use: 
indomethacin (RR 2.25; 95% CI 1.01, 5.07), naproxen (RR 1.83; 95% CI 1.25, 2.68), diclofenac 
(RR 1.73; 95% CI 1.21,2.46), piroxicam (RR 1.66; 95% CI 1.14,2.44), tenoxicam (RR 1.43; 
95% CI 0.40, 5.14), meloxicam (RR 1.24; 95% CI 0.98, 1.56) and ibuprofen (RR 1.19; 95% CI 
0.93, 1.54). 183 

In an earlier, collaborative meta-analysis of cohort and case-control studies published 
between 1985 and 1994, use of all non-selective NSAIDs were associated with significantly 
increased risks of peptic ulcer complication hospitalizations relative to non-use. 19 Ibuprofen, at 
doses used in general practice, was associated with the lowest risk of peptic ulcer complication- 
related hospitalizations. 190 In a subsequent meta-analysis of cohort and case-control studies 
published between 1990 and 1999, however, risk of serious GI event-related hospitalizations and 
specialist visits was dose-dependent, and was no lower for ibuprofen compared to any other non- 
aspirin, non-selective NSAID when results were stratified by low to medium (RR 2.1, 95% CI 
1.6, 2.7) or high dose (RR 5.5, 95% CI 3.0, 10.0) (Table 18). 184 ' 191 A more recent review of 
observational studies published through 2002 also found GI bleeding risk increased for all non- 
selective NSAIDs, and risk appeared related more to dose than to the specific drug evaluated. 1 1 
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Table 18. Relative Risk (95% CI) of UGIB* for NSAlDs vs. non-use 





Hernandez-Diaz 
2000 191 


Garcia-Rodriauez 
2001 184 




Dose 

Overall Low-Medium High 


Overall 

w W 1 Oil 


NSAID 


Diclofenac 


3.3 (2.8, 3.9) 


3.1 (2.0, 4.7) 


3.6 (2.3, 5.6) 


4.6 (3.6, 5.8) 


Ibuprofen 


1.9(1.6,2.2) 


2.1 (1.6, 2.7) 


5.5(3.0, 10.0) 


2.5 (1.9, 3.4) 


Indomethacin 


4.6 (3.8, 5.5) 


3.0 (2.2, 4.2) 


6.5 (4.8, 8.6) 


5.2 (3.2, 8.3) 


Ketoprofen 


4.6 (3.3, 6.4) 


NR 


NR 


3.3(1.9, 5.9) 


Naproxen 


4.0 (3.5, 4.6) 


3.5 (2.8, 4.3) 


5.1 (3.8, 6.9) 


4.0 (2.8, 5.8) 


Piroxicam 


6.3(5.5, 7.2) 


5.6 (4.7, 6.7) 


6.2 (4.4, 8.7) 


6.2 (3.7, 10.1) 


Sulindac 


3.6(2.8, 4.7) 


NR 


NR 


NR 



* Upper GI tract bleeding/perforation 



Non-selective NSAIDs were also associated with an increased risk of serious GI events in 
more recent observational studies. Ibuprofen (Odds Ratio 1.42, 95% CI 1.27, 1.59), diclofenac 
(OR 1.96; 95% CI 1.78, 2.15) and naproxen (OR 2.12, 95% CI 1.73, 2.15) were all associated 
with increased risks of GI hemorrhage, perforation, surgery or undefined uncomplicated events 
relative to non-use in a case-control study of the UK General Practice Research Database. 138 
Odds ratios for upper GI events resulting in hospitalization associated with NSAIDs relative to 
non-use ranged from 3.1 (95% CI 2.0, 4.9"5 for ibuprofen to 24.7 (95% CI 8.0, 77.0) for ketorolac 
based on data from 10 hospitals in Spain using a case-control design. 141 

Non-selective NSAIDs - CV Safety 

Randomized controlled trials. Evidence regarding the comparative risk of serious CV events 
for non-selective NSAIDs is more limited than the evidence for selective COX-2 inhibitors. In 
particular, long-term clinical trials are lacking. A recent, fair-quality meta-analysis by Kearney 
and colleagues of 91 trials (mostly ranging from 4 to 13 weeks in duration) evaluated risks with 
any non-selective NSAID (33,260 person-years of exposure) compared to any COX-2 inhibitor 
(23,325 person-years of exposure). 29 Most of the trials evaluated naproxen (42 trials), ibuprofen . ■- - 
(24 trials), and diclofenac (26 trials); only 7 evaluated other non-selective NSAIDs. 
Generalizability to usual practice could be limited because the majority of the trials evaluated 
higher than standard doses of NSAIDs. Much of the data regarding cardiovascular event rates 
were obtained by requesting unpublished data from trial sponsors. Other characteristics of this 
meta-analysis are discussed in more detaiHn the section on cardiovascular risks associated with 
rofecoxib. 

Table 19 shows estimates of risk for different cardiovascular outcomes with COX-2 
inhibitors relative to non-selective NSAIDs. Risk of myocardial infarction was similar with 
COX-2 inhibitors and non-naproxen NSAIDs, but about two-fold greater for COX-2 inhibitors 
compared to naproxen (0.6% or 99/16360 vs. 0.3% or 30/10,978, RR 2.04, 95% CI 1.41 to 2.96). 
This is equivalent to about one additional myocardial infarction for every 301 patients treated for 
one year with a COX-2 inhibitor instead of naproxen. COX-2 inhibitor use was also associated 
with a lower risk of stroke relative to nomnaproxen NSAIDs (RR 0.62, 95% CI 0.41 to 0.95). In 
subgroup analyses of specific non-selective NSAIDs (ibuprofen, diclofenac, other non-selective 
NSAIDs), the difference in stroke risk was only observed with diclofenac, which was usually 
evaluated at high doses (RR 0.48, 95% CI 0.27 to 0.83). There was insufficient data to analyze 
the effects of lower doses on estimates of risk. 
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Table 19. Rate Ratios (95% CI)*: COX 2 inhibitor relative to non-selective NSAID 129 



NSAID group 


Vascular events 


Myocardial 
Infarction 


Stroke 


Vascular 
Death 


Any non-selective 
NSAID 


1.16(0.97 to 1.38) 


1.53 (1.19 to 1.97), 
p=0.0009 


0.83 (0.62 to 1.12) 


0.97 (0.69 to 1.35) 


Any non-naproxen, 
non-selective NSAID 


0.88 (0.69 to 1.12) 


1.20 (0.85 to 1.68) 


0.62 (0.41 to 0.95), 
p=0.03 


0.67 (0.43 to 1.06) 


Naproxen 


1.57(1.21 to 2.03) 


2.04(1.41 to 2.96), 
p=0.0002 


1.10(0.73 to 1.65) 


1.47 (0.90 to 2.40) 



♦Rate ratios below I favor COX 2 inhibitors and rate ratios above i favor NSAIDs 



Kearney and colleagues found insufficient data to directly estimate risks of non-selective 
NSAIDs from placebo-controlled trials. Indirect analyses (based on trials of non-selective 
NSAIDs versus COX-2 inhibitors and trials of COX-2 inhibitors versus placebo) suggest an 
increased risk of vascular events with ibuprofen (RR 1.51, 95% CI 0.96 to 2.37) and diclofenac 
(RR 1.63, 95% CI 1.12 to 2.37) relative to placebo, but not with naproxen (RR 0.92, 95% CI 
0.67 to 1 .26). However, indirect analyses should be interpreted with caution because they can 
give discrepant results compared to head-to-head comparisons. 192 

In December 2004, the Alzheimer's Disease Anti-Inflammatory Prevention Trial (ADAPT) 
was suspended in part because of an "apparent increase in cardiovascular and cerebrovascular 
events among the participants taking naproxen when compared with those on placebo. 1,1 11 
However, further details from the ADAPT trial have not yet become available. 

Observational studies — naproxen. The risk of MI and other cardiovascular events associated 
with various non-selective NSAIDs has been evaluated in numerous observational studies. 
Naproxen has been the most extensively studied non-selective NSAID because of interest 
generated after the results of the VIGOR trial were published. In order to assess the proposed 
hypothesis that naproxen is protective agajnst myocardial infarction (rather than rofecoxib 
causing additional myocardial infarctions), authors of a meta-analysis of randomized controlled 
trials of rofecoxib also analyzed 1 1 observational studies of naproxen (four based on the General 
Practice Research Database). 124 Compared with non-naproxen NSAIDs, naproxen was 
associated with a small cardioprotective effect (OR 0.86, 95% CI 0.75 to 0.99). The modest 
cardioprotective effect would not completely explain the 80% reduction in risk with naproxen 
compared with rofecoxib observed in the VIGOR trial. In addition, meta-regression analyses 
indicated that the funding source largely explained between-study heterogeneity. Specifically, 
Merck-funded studies of naproxen reported larger cardioprotective effects. 

An FDA review of four observational studies of naproxen reporting a cardioprotective effect 
illustrate some difficulties in interpreting the results. 1 In a study by Rahme and colleagues, 
current exposure to naproxen was associated with a lower risk of acute MI compared with 
exposure to other NSAIDs (OR 0.79, 95% CI 0.63 to 0.99). 193 However, when the FDA 
reviewer re-analyzed the data to compare current exposure to naproxen to non-use of NSAIDs, 
naproxen was associated with a higher risk (OR 1 .28, ,95% CI 1.10 to 1.49). 148 Although the 
FDA re-analysis was not adjusted for confounders, examination of adjusted and unadjusted 
results in the paper suggests that the effects of adjusting would be minor. A study by Kimmel 
and colleagues found naproxen associated with a lower risk of MI compared with non-use (OR 
0.48, 95% CI 0.28 to 0.82), but the results were susceptible to participation bias (about 50% of 
cases and controls participated) and recall bias (exposure determined by telephone interviews 
rather than by using pharmaceutical databases or other sources). 194 The third study, by Watson 
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and colleagues, reported a lower risk of thromboembolic cardiovascular events with current use 
of naproxen versus non-use (OR 0.61, 95% CI 0.39 to 0.94), but did not adequately control for 
baseline cardiovascular risk (it used an unvalidated composite measure of risk). 195 Further, when 
the endpoint of MI alone rather than the composite endpoint of thromboembolic cardiovascular 
events (which included subdural hematoma, subarachnoid hemorrhage, ischemic stroke, sudden 
death, or MI) was evaluated, the reduction in risk was not significant (OR 0.57, 95% CI 0.3 1 to 
1 .06). Finally, a study by Solomon and colleagues reported a lower risk of MI with use of 
naproxen within 6 months of an acute MI (OR 0.84, 95% CI 0.72 to 0.98). 196 However, the risk 
was reduced to a similar degree when the naproxen prescription had run out between 61 and 180 
days earlier. Unless naproxen exerts a long-term cardioprotective effect (which is thought to be 
highly unlikely), these findings are suggestive of underlying selection bias — in other words, 
persons receiving naproxen were at lowerrisk for cardiovascular events, and adjustment for 
known confounders did not eliminate this bias. 

In four other recent observational studies (not included in the Juni systematic review) 
evaluating cardiovascular risk, naproxen was not associated with a cardioprotective effect 
relative to non-use (Table 20). 143, * l49 ' 155, 160 However, naproxen was also not clearly 
associated with an increased risk of myocardial infarction. None of these studies received 
pharmaceutical industry funding. The FDA review also included two other unpublished studies 
(Ingenix and MediCal studies) that found no cardioprotective benefit associated with 

148 

naproxen. 



Table 20. Risk of myocardial infarction associated with naproxen in recent observational studies not 
included in the Juni meta-analysis 



Study 


Estimate of risk (current use versus no or remote 
use) 


Hippisley-Cox, 2005"° 


1.27 (1.01 to 1.60) 


Levesque, 2005 14J 


1.17 (0.75 to 1.84) 


Johnsen, 2005 1 ** 


1.50 (0.99 to 2.29) 


Andersohn 2006 133 


1.16(0.86 to 1.58) 



Overall, the general conclusion from observational studies of a modest decrease in 
cardiovascular risk associated with naproxen relative to other NSAIDs appears consistent with a 
systematic review of RCTs. 129 On the other hand, protective cardiovascular effects of naproxen 
relative to non-use observed in some observational studies usually appear to be explainable by 
issues related to study design or analysis. ..More recent, high-quality observational studies are 
mostly consistent with a neutral cardiovascular effect of naproxen relative to non-use. 

Observational studies — non-naproxen NSAIDs. Results from observational studies 
regarding the cardiovascular risk associated with non-naproxen, non-selective NSAIDs are 
mixed. Non-selective NSAIDs as a class and individual NSAIDs have not been consistently 
associated with increased risks. Results from recent observational studies from the COX-2 era 
are summarized in Table 21. 
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Table 21. Risk of myocardial infarction associated with non-selective, non-naproxen NSAlDs 



Study 


Druq 


Estimate of risk (current use 
versus no or remote use) 


HiDDislev-Cox 2005 iqb 


Ibuprofen 
Diclofenac 

Other non-selective, non-naproxen 
NSAIDs 


1.24 (1.11 to 1.39) 
1.55 (1.39 to 1.72) 
1.21 (1.02 to 1.44) 


Graham, 2005 ,OU 


Non-selective, non-naproxen 
NSAIDs 


1.13(1.01 to 1.27) 


Levesque, 2005 WJ 


Non-selective, non-naproxen 
NSAIDs 


1.00 (0.73 to 1.37) 


Johnsen, 2005 ,as 


Non-selective, non-naproxen 


1.50 (0.99 to 2.29) 


Garcia Rodriguez, 2004'°° 


Ibuprofen 

Kptnnrofpn 
Piroxicam*" 
Indomethacin 

Other non-selective, non-naproxen 
NSAIDs 


1.06 (0.87 to 1.29) 

1 1ft (0 QQ tn 1 AC\\ 
1 08 (0 59 to 1 96* 
1.25 (0.69 to 2.25) 
0.86 (0.56 to 1.32) 
0.89 (0.63 to 1.25) 


Mamdani, 2003'*' 


Non-selective, non-naproxen 
NSAIDs 


1.2 (0.9 to 1.4) 


Ray, 2002 01 


Ibuprofen 


0.91 (0.78 to 1.06) 


Solomon, 2002'*° 


Ibuprofen 


1.02 (0.88 to 1.18) 


Watson, 2002 iaD 


Ibuprofen 
Diclofenac 


0.74 (0.35 to 1.55) 
1.68 (1.14 to 2.49) 


Andersohn^OOe' 30 


Ibuprofen ~ 
Diclofenac 


1.00 (0.83, 1.21) 
1.36 (1.17, 1.58) 


Schlienger 2002 ,s ' 


Ibuprofen 

Diclofenac 

Piroxicam 

Ketoprofen 

Indomethacin 

Flurbiprofen 


1.17 (0.87, 1.58) 

1.38 (1.08, 1.77) 
1.65 (0.78, 3.49) 

1.39 (0.77, 2.51) 
1.03 (0.58, 1.85) 
2.26 (0.93, 5.46) 



In April 2005, after reviewing the available observational data, the FDA issued a Public 
Health Advisory stating. "Long-term controlled clinical trials have not been conducted with most 
of these (non-selective) NSAIDs. However, the available data suggest that use of these drugs 
may increase CV risk. It is very difficult to draw conclusions about the relative CV risk among 
the COX-2 selective and non-selective NSAIDs with the data available. All sponsors of non- 
selective NSAIDs will be asked to conduct and submit to FDA a comprehensive review and 
analysis of available controlled clinical trial databases pertaining to their NSAID product(s) to 
which they have access to further evaluate the potential for increased CV risk. 5 ' 19 The FDA also 
required labeling changes to both prescription and non-prescription non-selective NSAIDs 
warning about potential cardiovascular risks. 

Aspirin. Aspirin is known to be protective against occlusive vascular events because of its 
irreversible antiplatelet effects. In a collaborative meta-analysis of 65 randomized controlled 
trials of aspirin for prophylaxis against thrombotic events, any dose of aspirin reduced the risk of 
vascular events by an average of 23% (stqpdard error 2). 199 The cardioprotective effects of 
aspirin appeared lower (13%) in three trials evaluating doses of lower than 75 mg/day, but in 
trials that directly compared higher and lower doses, there were no significant differences. 
Again, the populations evaluated in these trials probably varied substantially from trials of 
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patients with arthritis. 

In fact, randomized controlled trials assessing the risk of upper GI bleeding with aspirin have 
mainly been conducted in populations receiving aspirin as prophylaxis for thrombotic events. It 
is for this reason that the populations evaluated in these trials may differ on risk factors for 
bleeding compared to patients who take aspirin for arthritis, as well as being at higher 
cardiovascular risk. Randomized controlled trials 200 and observational studies generally reported 
that aspirin increases risk of serious GI events relative to placebo or non-use, 13 • ,90 ' 200 ' 201 but at a 
rate similar to that of other non-selective NSAIDs. 138, 189? 90 In these studies, the dose of aspirin 
varied widely and was generally lower (50 mg to 1500 mg daily) than the doses considered 
effective for analgesia and anti-inflammatory effects, and patients typically received aspirin for 
prolonged periods. In a good-quality meta-analysis of 24 randomized trials with nearly 66,000 
participants, the risk of gastrointestinal hemorrhage was 2.47% with aspirin compared with 
1.42% with placebo (OR 1.68, 95% CI 1.51 to 1.88), based on an average of 28 months 
therapy. 200 There was no relation between gastrointestinal hemorrhage and dose in this study. 
Further, modified release formulations did not attenuate the risk for bleeding. In a more recent, 
fair-quality meta-analysis of 3 1 randomized trials with over 190,000 subjects, the risk of major 
bleeding was 1.56% with doses <100 mg, 1.54% with 100-200 mg, and 2.29% with >200. 20 * 
Although the difference between doses >200 and <100 was statistically significant, the absolute 
differences are small. 

Systematic reviews of cohort and case-control studies published between 1985 and 2001 
reported similar findings, 189 ' 190 ' 201 except that the most recent review found a dose-response 
relationship between aspirin and risk of bleeding. 189 However, aspirin was associated with upper 
GI bleeding even at low doses. Findings from a recent UK practice-based case-control study 
(9,407 cases) found that compared with non-use, aspirin was associated with an increased risk of 
complicated or uncomplicated adverse GI events (odds ratio 1.60, 95% CI 1.49, 1.72) similar to 
that of naproxen, diclofenac, and ibuprofen. 138 These findings are consistent with a systematic 
review of observational studies that only assessed peptic ulcer-related hospitalizations. 190 

Salsalate. Serious GI event rates (blegding, perforation, obstruction) associated with 
salsalate were only reported in one cohort of long-term care residents in Indiana. The number of 
cases of Gl-related hospitalizations associated with salsalate (1, 5.9%) after 14 months was 
similar to that of other selective and non-selective NSAIDs (cited in partially selective NSAID 
section above). 180 

Other Adverse Events Associated with Selective and Non-Selective NSAIDs 

Mortality. Large clinical trials have not shown differences in mortality rates between 
different NSAIDs. In VIGOR, for example, mortality was 0.5% with rofecoxib versus 0.4% 
with naproxen, 19 and in CLASS mortality rates were 0.47%, 0.37%, and 0.45%) for celecoxib, 
diclofenac, and ibuprofen, respectively. 94 A meta-analysis that included unpublished company 
clinical trial data (including CLASS) found no significant difference in rates of death in patients 
randomized to celecoxib compared with non-selective NSAIDs, though there were few events 
(0.03% or 6/18,325 in the celecoxib arms versus 0.1 1% or 14/12,685 in the NSAID arms). 62 In 
one retrospective cohort study of Saskatchewan health-services databases that followed patients 
from 6 months following prescription until death, nabumetone was associated with significantly 
lower rates of all-cause mortality compared with diclofenac (adjusted odds ratio 1.96; 95% CI 
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1.25, 3.07) and naproxen (adjusted odds ratio 2.95, 95% CI 1.88 , 4.62). 20j However, we found 
no other studies replicating this finding. 

Hypertension, CHF, edema, and renal function. All non-selective NSAIDs appear to be 
associated with increases in blood pressure. However, evidence regarding differential effects of 
specific NSAIDs is somewhat conflictingr Two meta-analyses of placebo-controlled trials have 
compared the effects of different non-selective NSAIDs on blood pressure increases. 204 ' 2 5 One 
meta-analysis found that non-selective NSAIDs raised mean blood pressure by an average of 
about 5.0 mm Hg (95% CI, 95% CI 1.2 to 8.7). 204 Piroxicam produced the most marked 
elevation in blood pressure. 204 By contrast, the other meta-analysis found that piroxicam and 
ibuprofen had negligible effects on blood pressure, and that indomethacin and naproxen were 
associated with the largest increases. 205 In both meta-analyses, aspirin and sulindac were 
associated with minimal hypertensive affect. In an analysis of head-to-head trials, there were no 
significant differences between indomethacin and sulindac (10 trials), indomethacin and 
salicylate (one trial), diclofenac and sulindac (one trial), ibuprofen and sulindac (one trial), and 
naproxen and sulindac (three trials). 204 The reliability of the meta-analyses is compromised by a 
high likelihood of publication bias; more than half of published NSAID trials did not report 
hypertension rates as an outcome. 205 

Several studies have reported hypertension outcomes for selective COX-2 inhibitors 
compared to non-selective NSAIDs. One fair-quality meta-analysis found COX-2 inhibitors as a 
class (celecoxib. rofecoxib, and etoricoxib) not associated with an increased risk of developing 
hypertension compared to non-selective NSAIDs (RR 1.25, 95% CI 0.87 to 1.7.8). Pooling 
evidence on blood pressure effects from various selective and non-selective NSAIDs may be 
misleading, however, because of potential differences between COX-2 inhibitors, dissimarilities 
in dosing and comparator drugs, and a high likelihood of publication bias affecting conclusions. 

Evidence regarding risks of hypertension with rofecoxib is somewhat mixed. A good-quality 
Cochrane review found that rates of edema and hypertension were not reported in most trials. 
For rofecoxib versus nabumetone, there was no difference in the rate of hypertension in two 
trials (pooled RR 1.46, 95% CI 0.53 to 4.12). A meta-analysis of nine phase Ilb/III osteoarthritis 
trials sponsored by the manufacturer of rofecoxib found that rofecoxib 12.5 mg and 25 mg daily 
were associated with higher rates of lower extremity edema, congestive heart failure, and 
hypertension than placebo. 206 Edema and hypertension rates were similar between the rofecoxib 
(1.2 per 100 patient-months) and ibuprofen (1.3 per 100 patient-months) groups but somewhat 
higher than in the diclofenac group (0.3 per 100 patient months). Discontinuations due to these 
adverse events were rare: of 2,829 randomized to rofecoxib, seven discontinued due to edema, 
two due to hypertension, and one due to CHF. However, five of the nine trials were shorter than 
6 weeks in duration, so these rates may not be representative of results in long-term users. A 
more recent fair-quality meta-analysis of arthritis trials found rofecoxib associated with a higher 
risk of developing hypertension compared to either placebo (RR 2.63, 95% CI 1.42 to 4.65) or 
non-selective NSAIDs (RR 1.78, 95% CI 1.17 to 2.69). 21 

Results of large, longer-term trials appear to be consistent with an increased risk of 
hypertension with rofecoxib compared to either placebo or non-selective NSAIDs. In VIGOR 
(N=8,076) rofecoxib 50 mg daily was associated with a higher risk of developing hypertension 
compared to naproxen (RR 1.69, 95% CI 1.42-1.99) and a higher risk of discontinuation due to 
hypertension-related adverse events (RR 4.67, 95% CI 1 .93 to 1 1 .28). In addition, 19 patients 
developed CHF-related adverse events during 4,047 patient-years of exposure, compared with 
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nine patients during 4,029 patient-years of exposure to naproxen (RR 2.1 1, 95% CI 0.96 to 4.67). 
In the long-term APPRO Ve polyp prevention trial, hypertension (RR 2.02, 95% CI 1 .71 to 2.38), 
edema (RR 1.57, 95% CI 1.17 to 2.10), and heart failure or pulmonary edema (RR4.61, 95% CI 
1.50 to 18.83) were all increased with rofecoxib 25 mg qD compared with placebo. 132 

In contrast to rofecoxib, several meta-analyses of celecoxib suggest no increased risk of 
hypertension or heart failure compared tojion-selective NSAIDs. In fact, a recent fair-quality 
meta-analysis found celecoxib (dose not specified) not associated with an increased risk of 
hypertension compared to either placebo (RR 0.81, 95% CI 0.13 to 5.21) or non-selective 
NSAIDs (RR 0.82, 95% CI 0.68 to 1.00). 21 On the other hand, a Pfizer-funded meta-analysis 
submitted to the FDA found that, for celecoxib (any dose), the risk of developing hypertension 
was higher than placebo (1.1% vs. 0.7%o, p=0.023) but lower than the non-selective NSAIDs 
(1.5%) vs. 2.0%), p=0.002). I3:> Heart failure was more frequent in patients taking celecoxib than 
those taking placebo (13 of 8,405 versus one of 4,057, p=0.046), though not compared with non- 
selective NSAIDs (0.1%) vs. 0.2%, p=0.05^). A third meta-analysis, funded in part by the 
manufacturer, reported similar findings for risk of hypertension (celecoxib vs. non-selective 
NSAID RR 1.1, 95% CI 0.90 to 1.3) and heart failure (celecoxib vs. non-selective NSAID RR 
0.70, 95% CI 0.43 to 1.1) 62 Most of the trials included in the meta-analyses were short-term and 
only one meta-analysis 62 evaluated the quality of the trials. However, results from large trials of 
celecoxib are consistent with the meta-analyses. In CLASS (N=8,059), celecoxib was associated 
with a similar rate of hypertension (new-onset and aggravated pre-existing) compared with 
diclofenac (2.7%) vs. 2.6%), but a significantly lower rate than ibuprofen (2.7% vs. 4.2%o). lCb 
CHF rates were similar in patients randomized to celecoxib versus either ibuprofen or diclofenac 
(0.3% vs. 0.3%o). In the shorter-term SUCCESS-I trial (N=13,274), rates of hypertension were 
similar with celecoxib 100 or 200 mg bid compared to either diclofenac or naproxen (RR 0.86, 
95% CI 0.62 to 1 .20). 21 The APC polyp prevention trial found celecoxib associated with 
significant systolic blood pressure elevations compared to placebo at 1 and 3 years at either 200 
mg twice daily (2.0 mm Hg at 1 year and 2.6 mm Hg at 3 years) and 400 mg twice daily (2.9 mm 
Hg at 1 year and 5.2 mm Hg at 3 years). 109 By contrast, the PreSAP polyp prevention trial found 
no difference in systolic blood pressure elevations between celecoxib 400 mg once daily and 
placebo. 109 The APC polyp prevention trial found no difference in rates of heart failure between 
patients randomized to celecoxib versus those randomized to placebo, though event rates were 
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low (five cases of heart failure among 1,356 subjects). 

Direct evidence on comparative blood pressure effects of celecoxib compared to rofecoxib is 
more limited. A good-quality Cochrane review found no difference in rates of clinically 
significant increases in blood pressure or edema with rofecoxib versus celecoxib in three head- 
to-head trials of average-risk populations with osteoarthritis. 77 Another meta-analysis that used 
unpublished clinical trial reports also found no difference in risk of hypertension or aggravated 
hypertension in patients on celecoxib versus rofecoxib (RR 0.75, 95% CI 0.52 to 1.1). On the 
other hand, in contrast to the Cochrane review, this meta-analysis found a lower rate of edema 
with celecoxib versus rofecoxib (5 trials, RR 0.72, 95% CI 0.62 to 0.83). A third meta-analysis 
found rofecoxib associated with a greater risk of developing a clinically important elevation in 
systolic blood pressure (RR 1.50, 95%) CI 1.00 to 2.26), though the difference was not 
statistically significant. 21 

Three other short-term head-to-head trials of celecoxib and rofecoxib in higher-risk 
populations (hypertensive, osteoarthritic patients) funded by the manufacturer of celecoxib 
should be interpreted cautiously because tTiey evaluated doses (rofecoxib 25 mg daily and 
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celecoxib 200 mg daily) that may not provide equivalent pain relief. ' ' Two 6-week trials 
of elderly (>65 years) patients with osteoarthritis and on antihypertensive therapy (SUCCESS VI 
and SUCCESS VII) found that rates of increased systolic blood pressure (>20 mm Hg increase 
and absolute value > 140 mm Hg) were higher in patients randomized to rofecoxib (m=399) 
compared to celecoxib (n=41 1): 14.9% vs. 6.9% (p<0.01) in one trial 85 and 17% vs. 1 1% 
(p=0.032) in the other. 84 However, in one of these trials (SUCCESS VI), 84 there was an 
important baseline difference in the proportion of patients who took an ACE inhibitor for 
hypertension (40% for celecoxib-treated patients versus 29% for rofecoxib-treated patients, 
p=0.002). This could suggest inadequate randomization, as successful randomization is unlikely 
to have resulted in such a marked baseline difference. In the third trial (CRESCENT), which 
enrolled patients with controlled hypertension, diabetes, and osteoarthritis, the proportion that 
developed ambulator)' hypertension (systolic blood pressure > 135) was higher with rofecoxib 
than with celecoxib (30% vs. 16%, p=0.05). 207 In the CRESCENT and SUCCESS-VI trials, 
edema was more common in patients assigned to rofecoxib compared with those assigned to 
celecoxib (7.7% vs. 4.7%, p<0.05 207 and 9.5% vs. 4.9%, p=0.014 84 ). Three patients on rofecoxib 
and two on celecoxib developed heart failure in CRESCENT compared with four versus none in 
SUCCESS-VI; these differences were not significant. Discontinuations due to these adverse 
events did not differ. 

With regards to renal toxicity, there is little evidence to suggest that selective NSAIDs as a 
class are safer than non-selective NSAIDs. A systematic review of five small (sample size range 
15 to 67), short-term (28 days or less) trials found that selective NSAIDs had similar effects on 
glomerular filtration rate and creatinine clearance in three trials, and were modestly superior in 
two. 208 The clinical effects of the modesfdifferences observed in the latter two trials are unclear. 
Another meta-analysis found that celecoxib at 200 to 400 mg was not associated with a greater 
risk of increase in creatinine greater than 1 .3 times the upper limit of normal compared to non- 
selective NSAIDs (RR 0.78, 95% CI 0.46 to 1.3). 62 

There is also no clear evidence suggesting that celecoxib is associated with improved renal 
safety compared with rofecoxib. In the CLASS trial, there was one fewer episode of edema, 
hypertension, or increased creatinine for every 62 patients treated with celecoxib instead of 
ibuprofen 800 mg tid or diclofenac 75 bid. 60 The effects of celecoxib on renal function were 
also reviewed in a meta-analysis of primarily unpublished data (not including CLASS) that 
found the overall incidence of renal adverse events similar to that of non-selective NSAIDs. 209 
In VIGOR, the incidence of adverse events related to renal function (outcome not specifically 
defined) was similar for the rofecoxib and naproxen groups (1.2% versus 0.9%), with 0.2% 
discontinuing treatment in each arm because of these events. 19 A meta-analysis of 
manufacturer's data found rofecoxib associated with an overall incidence of elevations in serum 
creatinine similar to non-selective NSAIDs. 206 Discontinuations due to elevated serum creatinine 
were rare, and there were no cases of acutg renal failure (not defined) associated with rofecoxib. 

The risks of hypertension and heart failure with rofecoxib and celecoxib have also been 
evaluated in several good-quality observational studies. A large case-control study found that 
rofecoxib users were at significantly increased risk for new-onset hypertension compared with 
patients taking celecoxib (OR 1.6, 95% CI 1.2 to 2.1). 210 A retrospective cohort study found 
rofecoxib associated with an increased risk of admission for heart failure compared with 
NSAID-non-users (RR 1 .8, 95% CI 1 .5 to 2.2), though celecoxib was not (RR 1 .0, 95% CI 0.8 
to 1.3). 163 Rofecoxib (HR 1.27, 95% CI 1.09 to 1.49) and non-selective NSAIDs (HR 1.26, 95% 
CI 1 .00 to 1 .57) were also associated witlvhigher risks of death or recurrent CHF compared with 
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celecoxib in another study of high-risk patients following a heart-failure admission. 21 1 In two 
observational studies, use of non-selective NSAIDs was associated with heart-failure admissions 
(RR 1.4 ; 95% CI 1.0 to 1.9) 163 and newly diagnosed heart failure (adjusted RR 1.6, 95% CI 1.2 
to 2.1) 212 when compared with non-use. 

Hepatotoxicity. We identified one systematic review that evaluated rates of aminotransferase 
elevations, liver-related discontinuations, and other serious hepatic adverse events, including 
hospitalizations and deaths, in randomize3 controlled trials of rofecoxib, celecoxib, valdecoxib, 
meloxicam, diclofenac, naproxen, and ibuprofen in adults with osteoarthris or rheumatoid 
arthritis. 213 It identified 67 published articles and 65 studies accessible from the FDA archives. 
Diclofenac (3.55%, 95% CI 3.12% to 4.03%) and rofecoxib (1.80%, 95% CI 1.52% to 2.13%) 
had higher rates of aminotransferase ele vations >3 times the upper limit of normal compared 
with placebo (0.29%; 95% CI 0.17% to 0.51%) and the other NSAIDs (ail < or = 0.43%). 
However, only diclofenac was associated with a higher rate of liver-related discontinuations than 
placebo (2.17%, 95% CI 1.78% to 2.64%). Serious complications related to liver toxicity were 
extremely rare: only one liver-related hospitalization (among 37,671 patients) and death (among 
51,942 patients) occurred in a patient on naproxen in the VIGOR trial. There was also a 
statistically significant difference in elevated (three times above the upper limit of normal) 
transaminase levels between lumiracoxib (which is chemically related to diclofenac) and 
naproxen or ibuprofen (HR 3.97, 95% CI 2.96, 5.32) in the large TARGET (N-18,325) trial, 
though these elevations were reversible upon drug discontinuation. 

A recent systematic review of seven population-based epidemiological studies of 
hepatotoxicity with NSAIDs found a similarly low risk of serious hepatic toxicity. 214 In those 
studies, the excess risk of liver injury associated with current NSAIDs ranged from 4.8 to 
8.6/100,000 person-years of exposure compared with past use. There were zero deaths from 
liver injury associated with NSAIDs in over 396,392 patient-years of exposure. A recent cohort 
study from Italy found that nimesulide, an NSAID not available in the U.S., was associated with 
a higher incidence of serious liver injury compared with other NSAIDs. 215 None of the other 
NSAIDs, including celecoxib, were associated with an increased risk of serious liver injury. An 
earlier review of five population-based studies found sulindac associated with a 5-10 fold higher 
incidence of hepatic injury compared with- other NSAIDs. 216 Diclofenac was associated with 
higher rates of aminotransferase elevations compared with users of other NSAIDs, but not with a 
higher incidence of serious liver disease. 

Tolerability: Comparison of NSAIDS 

Partially selective NSAIDs. Evidence is mixed regarding the relative tolerability of 
meloxicam (7.5 mg or 15 mg) compared to non-selective NSAIDs. The meta-analysis of 
meloxicam studies mentioned earlier found lower rates of any gastrointestinal event (OR 0.64; 
95% CI 0.59, 0.69) and withdrawals due to GI events (OR 0.59; 95% CI 0.52, 0.67) compared 
with NSAIDs, but as mentioned before it included some inadequately blinded studies, which are 
less reliable for assessing withdrawals and attributing the cause of adverse events. 181 The double- 
blind trial of meloxicam 7.5, 15, and 22.5 mg and diclofenac 75 mg bid mentioned earlier 217 
found no significant differences in rates of withdrawals due to adverse events or in incidence of 
overall and gastrointestinal tolerability. 

In the nabumetone meta-analysis, the incidence of GI adverse events was significantly lower 
on nabumetone compared to non-selective NSAIDs (25.3% vs. 28.2%, p= 007), corresponding to 
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about one fewer event for every 34 patients treated with nabumetone. 

Numerous randomized controlled trials reported microscopic bleeding or endoscopic 
outcomes with etodoloca. However, we identified no randomized trials or systematic reviews 
assessing the clinical tolerability of etodolac relative to non-selective NSAIDs. 

Non-selective NSAIDs. One Cochrane review evaluated the tolerability of different 
NSAIDs. 41 The only relatively consistent finding was that indomethacin was associated with 
higher rates of toxicity than other NSAIDs, but it was not clear if these differences were 
statistically significant. 

Aspirin and salsalate. Five randomized trials have evaluated the efficacy or safety of aspirin 
or salsalate compared with non-aspirin NSAIDs in patients with arthritis. 36, 218-221 All were short- 
term in duration (< 12 weeks) and involved a total of 471 patients; of the subjects enrolled, only 
four had osteoarthritis of the hip/knee for every 100 patients with rheumatoid arthritis. Aspirin 
was associated with higher incidence of overall adverse events than salsalate (70% vs. 40%, 
p<0.05) 56 and diclofenac (61% vs. 46%; p<0.05); 218 these led to higher rates of withdrawals due 
to adverse events for aspirin compared with diclofenac (23% vs. 6%; p<0.05). Salsalate was 
associated with a higher incidence of overall adverse events compared to other non-selective 
NSAIDs in two 220, of three trials, but the actual rates were not reported. 

The overall safety profile of salsalate has also been evaluated in the rheumatoid arthritis 
population using the Arthritis, Rheumatism, and Aging Medical Information System (ARAMIS) 
databases. These studies reported summary measures of drug toxicity based on tabulations of 
mean frequencies of overall adverse events per patient years, weighted by severity, and adjusted 
for differences in demographic factors. Numerically larger index scores indicate greater levels of 
toxicity. The summary index score takes into account symptoms from all body systems, 
laboratory abnormalities, and all-cause hospitalizations. 201, 22-224 Symptoms were assessed every 
6 months using patient self-report in response to open-ended questions. Hospitalization and 
death data were ascertained from discharge summaries and death certificates. Descriptions of 
study methods varied, but in general the ARAMIS studies were somewhat vague with regard to 
patient selection and ascertainment methods; adverse events were not clearly defined or 
prespecified; exposure duration and length of follow-up were unclear; and adjustments were 
made only for demographic factors such as age and gender. Because the results of these studies 
are more subject to recall bias and had other methodological shortcomings, the findings that 
aspirin, salsalate, and ibuprofen were the least toxic among the NSAIDs studied (Table 22 
below) are less convincing than results of more recent observational studies (discussed earlier). 

Tabie 22. Toxicity Index Scores from ARAMIS database studies 

Study Aspirin Ibuprofen Salsalate Others (range) 

Fries 1991^ Tl9 T94 " 1.28 2.1 7 (Naproxen) to 3.99 (Indomethacin) 

Fries 1 993 224 1 .33 1 .89 NR 1 .90 (Naproxen) to 2.86 (T olmetin) 

Fries 1996 223 1.77 2.68 2.00 1.63 (Sulindac) to 3.09 (Ketoprofen) • 

Singh 1997 201 2.25 1^95 179 3.29 (Naproxen) to 5.14 (Meclofenamate) 

COX-2 vs. NSAID. Two manufacturer-funded meta-analyses 61,62 and one good-quality 
Cochrane review 225 found celecoxib consistently associated with more favorable overall and GI 
tolerability profiles relative to some, but not all, non-selective NSAIDs in short-term RCTs of 
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patients with OA/RA (Table 23). Evidence of relative tolerability is less consistent for rofecoxib 
compared to partially-selective or non-selective NSAIDs in short-term RCTs of patients with 
OA/RA as reported in one manufacturer- funded meta-analysis, 226 two good-quality Cochrane 
reviews; 77, 78 and one other RCT that was not included in the systematic reviews. 

Effect size differences between the COX-2 manufacturer-funded analyses and the Cochrane 
reviews may have been due, in large part, to differences in methods of study selection and 
statistical analyses. The Cochrane Reviews primarily relied upon electronic database searches 
for identification of published RCTs evaluating narrow patient populations, and results from 
each trial were generally presented separately. 7 ' 78 22:) Manufacturer- funded meta-analyses relied 
soley 62,226 or in part 61 on internal records to identify studies and presented only pooled estimates 
of broader populations including OA and RA patients. 



Table 23. Tolerability profile of COX-2's vs. NSAIDs in meta-analysis and systematic reviews 



Review AE.incitierice 




idrawals 


Overall . Gl-related . 


Any AE 


Gl-related 


Ceiecqxib vs. NSAIDs for OA/RA 


Manufacturer-funded meta-analyses 


Deeks 2002 01 


RR 0.86 (0.72, 1.04) 


RR0.54 (0.42, 0.71) 


Moore 2005 62 0.96 (0.94, 0.98) 0.84 (0.81 , 0.87) 


RR0.86 (0.81,0.91) 


RR 0.75 (0.7, 0.8) 


Celecoxib vs. individual NSAIDs for RA 


Gamer 2005a" 3 (Cochrane Collaboration Systematic Review) 


Celecoxib vs. Naproxen 




No differences 


No differences 




(RR Range: 1.02- 


(RR Range: 0.26-0.61) 




1.36) 


Celecoxib vs. Diclofenac 


0.75 (0.62, 0.90) 0.95 (0.85, 1 .04 


0.54 (0.36, 0.79) 


0.36 (0.21, 0.60) 


Rofecoxib vs. NSAIDs for OA 


Watson 2066 Z7U (Manufacturer-funded meta-analysis) 


6-month - 0.86 (0.78, 0.95) 




0.68 (0.50, 0.92) 


12-month - 0.88 (0.80,0.97) 




0.70 (0.52, 0.94) 


Gamer 2005c (Cochrane Collaboration Systematic Review) 


Rofecoxib vs. Diclofenac 


No differences 


12.5 mg: 0.71 (0.52, 




(RR range: 0.98- 


0.97) 




1.01) 


25 mg: 0.70 (0.51, 






0.95) 




Rofecoxib vs. Ibuprofen 


NS (RR range: 


i risk in 2 of 3 RCTs 


No differences in 3 of 4 


0.98-1.04) 




RCTs 


Rofecoxib vs. Naproxen 


No differences 0.55 (0.42, 0.73) 


No differences 


i risk in 2 of 3 RCTs 


Rofecoxib vs. Nabumetone 


NR NR 


No differences 


No differences 


Rofecoxib vs; Naproxen in RA 


Gamer 2005b'° (Cochrane Collaboration Systematic Review) 




1.02 (0.92, 1.12) 


0.74 (0.64, 0.85) 



A manufacturer-funded meta-analysis found that tolerability of valdecoxib relative to 
NSAIDs appeared to be time-dependent. 227 Significant increases in overall adverse event 
incidence (RR 1.1; 95% CI 1 .04, 1 .2) and incidence of GI adverse events (RR 1 .4; 95% CI 1 .2, 
1 .6) for valdecoxib relative to NSAIDs did not lead to increased risk of discontinuation in RCTs 
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of 6-12 weeks' duration. By 12-26 weeks, however, valdecoxib was associated with 
significantly lower rates of overall adverse events (RR 0.9; 95% CI 0.85, 0.93) and Gl-related 
adverse events (RR 0.7; 95% CI 0.7, 0.8) relative to non-selective NSAIDs, as well as lower 
rates of discontinuation due to any adverse event (RR 0.9; 95% CI 0.85, 0.93) and due to GI- 
related adverse events (RR 1.4; 95% CI 1.2, 1.6). 

Comparison behveen COX-2 inhibitors. Incidence of and withdrawals due to overall or GI- 
related adverse events were similar for celecoxib and rofecoxib across a manufacturer-funded 
meta-analysis 62 and a good-quality Cochrane review. 77 The manufacturer- funded meta-analysis 
reported that rofecoxib and celecoxib were associated with similar risks of any adverse event 
(RR 0.97; 95% CI 0.84, 1.1), any Gl-related adverse event (RR 0.87, 95% CI 0.74, 1.03), and 
Gl-adverse event discontinuation (RR 0.7; 95% CI 0.5, 1.2) using data from five 6- to 12-week 
RCTs of patients with either OA or RA. 62 The Cochrane review of rofecoxib for osteoarthritis 
found no differences for either the total number of withdrawals (RR 0.93, 95% CI 0.76 to 1.14) 
or the number of withdrawals due to adverse events (RR 1.03, 95% CI 0.77 to 1.39) in five trials 
that compared celecoxib to rofecoxib. 

Acetaminophen, We identified four systematic reviews that evaluated the efficacy and safety 
of acetaminophen compared with NSAIDs (selective or non-selective) for osteoarthritis. 228 " 231 
The studies generally met all criteria for good-quality systematic reviews, except that three 229 " 231 
did not provide sufficient detail about trials that were excluded. The overall conclusion from the 
reviews was that NSAIDs are modestly superior to acetaminophen for general or rest pain (Table 
24). For pain on motion and overall assessment of clinical response, NSAIDs also a^eared 
modestly superior, though the differences were not always statistically significant. 22 ' 30 . Only 
two reviews assessed functional disability; neither found clear differences. 229 ' 230 



Table 24. Pain relief in systematic reviews of acetaminophen versus NSA1D 



Systematic 
review 


Date of last 
search 


Number of 
head-to-head 
trials included 


Main results for outcome of general or rest pain 


Towheed, 
2005 229 


Through 8/02 


5 (1 trial 
evaluated a 
coxib) 


NSAIDs superior for rest pain (SMD 0.32, 95% CI 0.08 
to 0.56) and HAQ pain (SMD 0.27, 95% CI 0.05 to 0.48) 


Zhang, 2004"' 


Through 7/03 


8 (3 trials 

evaluated' 

coxibs) 


NSAIDS superior using WOMAC scale (pooled ES 0.3, 
95% CI 0.17 to 0.44) and clinical response rate (RR 
1.24, 95% CI 1.08 to 1.41) 


Lee, 2004"° 


Through 2/03 


6 (1 trial 
evaluated a 
coxib) 


NSAIDs superior for rest pain (weighted mean difference 
-6.33, 95% CI -9.24 to -3.41) 


Wegman, 
2004 230 


Through 12/01 


3 (no trials 
evaluated 
coxibs) 


NSAIDs superior for general/rest pain (standardized 
mean difference 0.33, 95% CI 0.15 to 0.51) 



The risk of adverse events with acetaminophen versus NSAIDs was assessed in three 
systematic reviews (Table 25). 228 ' 229,231 In two reviews, there were no differences in withdrawal 
due to any adverse event. 229,231 However, acetaminophen was associated with fewer 
gastrointestinal side effects compared with non-selective NSAIDs (though not compared with 
coxibs) 229 ' 231 and fewer withdrawals due to gastrointestinal adverse events. 229 
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Table 25. Adverse events in systematic reviews of acetaminophen versus NSAID 



Systematic review 


Withdrawal due to 
adverse events 


Gl adverse events 


Towheed, 2005"* 


No difference (8% 
vs. 9%) 


Withdrawal due to Gl adverse event 

Naproxen or ibuprofen vs. acetaminophen: RR 2.15 (95% CI 1.05 to 
4.42) 

Any Gl adverse event 

Non-selective NSAID vs. acetaminophen: RR 2.24 (95% CI 1 .23 to 
4.08) 

Coxib vs. acetaminophen: RR 0.96 (95% CI 0.57 to 1.61) 


Zhang, 2004^' 


Not reported 


bl discomfort 

Non-selective NSAID vs. acetaminophen: RR 1.39 (95% CI 1.07 to 
1.80) 

Coxib vs. acetaminophen: RR 0.65 (95% CI 0.17 to 2.52) 


Lee, 2004"° 


NSAID vs. 

acetaminophen: OR 
1.45, 95% CI 0.93 to 
2.27) 


Not reported 



Results of recent, good-quality randomized trials (not included in any of the systematic 
reviews) were consistent with the systematic reviews. One two-week trial (N=222) found 
ibuprofen 1,200 mg/day more effective than paracetamol 3,000 mg/day for pain relief (p<0.005) 
and functional disability using WOMAC scores (-20.8 versus -13.4, pO.OOl), 232 Two cross- 
over trials of identical design (N=524 and 556) found celecoxib modestly superior to 
acetaminophen for WOMAC scores (difference in WOMAC score improvements ranged from 
2.8 to 5.0 points on a 100-point scale), visual analogue pain scales (mean difference in scores 
ranged from 3.5 to 7.7 mm on a 100 mm scale), and patient preferences (53% and 50% favored 
celecoxib, versus 24% and 32% favored acetaminophen). 233 In all three trials, tolerability and 
safety were equivalent. 

Clinical trials of acetaminophen have not been large enough to assess serious but less 
common complications such as PUB, myocardial infarction, acute renal failure, or hypertension. 
However, observational studies provide some additional information about the safety of 
acetaminophen relative to NSAIDs. A good-quality nested case-control study of 1,197 cases and 
10,000 controls from a population-based cohort of 458,840 persons in the General Practice 
Research Database found current acetaminophen use associated with a lower risk for 
symptomatic peptic ulcer (adjusted RR 1.9, 95% CI 1.5 to 2.3) than NSAID use (adjusted RR 
4.0, 95% CI 3.2 to 5. 1) when each was compared with non-use. 234 There was no clear 
relationship between higher acetaminophen dose and increased risk for symptomatic ulcers. An 
earlier analysis on the same database also found current acetaminophen use associated with a 
lower risk for upper gastrointestinal bleeds or perforations (adjusted RR 1.3, 95% CI 1.1 to 1.5) 
than current NSAID use (adjusted OR 3.9, 95% CI 3.4 to 4.6), each compared with non-use. 184 
A retrospective cohort study of elderly patients found that patients using lower doses of 
acetaminophen (<2,600 mg/day) had lower rates of Gl events (defined as Gl-related 
hospitalizations, ulcers, and dyspepsia) compared with users of NSAIDs (RR 0.73, 95% CI 0.67 
to 0.80 for 1,951 to 2,600 mg/day), but the risks were similar at higher doses (RR 0.93 to 
0.98). 235 Although Gl hospitalization rates were not reported separately, the authors noted that 
dyspepsia was responsible for most of the increase in Gl events in the high-dose acetaminophen 
groups. A meta-analysis on individual patient data from three earlier retrospective case-control 
studies (2472 cases) was consistent with the above studies. 236 It found acetaminophen associated 
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with a minimal increase in the risk for serious upper gastrointestinal bleeding (OR 1.2, 95% CI 
1 . 1 to 1.5). By contrast, non-selective NSAIDs were associated with higher risks, though 
estimates of risk varied considerably for different NSAIDs (OR 1 .7 for ibuprofen to 34.9 for 
ketoprofen). 

No randomized trial has evaluated the association between acetaminophen use and 
myocardial infarction or other thromboembolic cardiovascular events. However, a recent 
analysis from the large, prospective Nurses' Health Study found heavy use of acetaminophen 
(more than 22 days/month) associated with an increased risk of cardiovascular events (RR 1.35, 
95% CI 1.14 to 1.59) similar to that with heavy use of NSAIDs (RR 1.44, 95% CI 1.27 to 
1 .65). 237 Dose- and frequency-dependent effects were both significant. 

The association between renal failure and acetaminophen use has been evaluated in several 
case-control studies. Interpretation of these studies, however, is difficult because many had 
important flaws (such as failure to identify patients early enough in the course of their disease to 
insure that the disease had not led to a change in the use of analgesics, failure to specify 
diagnostic criteria, failure to adjust for the use of other analgesics, incompleteness of data on 
exposure, and use of proxy respondents) in the collection or analysis of data. 238 The largest (926 
cases) case-control study was designed to try to avoid many of these flaws. 239 It found regular 
use of acetaminophen associated with an increased risk for chronic renal failure (Cr >3.8 for 
men and >3.2 for women) compared witlrnon-use (OR 2.5, 95% CI 1.7 to 3.6). Use of NSAIDs 
was not associated with an increased risk (OR 1.0). A prospective cohort study of 1,697 women 
in the Nurses' Health Study found increased lifetime acetaminophen exposure associated with a 
higher risk of decline in glomerular filtration rate of 30% or greater (p<0.001), though NSAIDs 
were not (p=0.88). 240 The absolute risk of renal function decline, however, was modest, even in 
women reporting high amounts of lifetime acetaminophen use. Compared with women 
consuming less than 100 g of cumulative acetaminophen, the odds of a decline in GFR of at least 
30 mL/min per 1.73 m 2 for women consuming more than 3,000 g was 2.04 (95% CI, 1.28 to 
3.24). By contrast, analyses of men in the Physicians 5 Health Study found no association 
between acetaminophen or NSAIDs and change in kidney function. 241, 242 

The risk of heart failure associated with acetaminophen has not been well studied. In a single 
study using the General Practice Research Database, current use of acetaminophen was 
associated with a higher risk of newly diagnosed heart failure compared with non-use (RR 1.33, 
95% CI 1 .06 to 1.67), though the risk was lower compared with current use of NSAIDs (RR 
1.59, 95% CI 1.23 to 2.05) 

The risk of hypertension has been evaluated using data from the Nurses' Health Studies 243 " 245 
and the Physicians 5 Health Study. 246 In the Nurses' Health Studies, acetaminophen and NSAIDs 
were associated with similar increases in risk of incident hypertension (Table 26). In the 
Physicians' Health Study, on the other hand, there was no association between NSAID or 
acetaminophen use and hypertension. 
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Table 26. Incidence of hypertension in the Nurses' Health Study and Physicians' Health Study according to 
use of acetaminophen or NSAIDs 



Study 


Acetaminophen use versus non-use: 
odds ratio 


NSAID use versus non-use: odds 
ratio 


Nurses' Health Study 1 
(women 51 to 77 years 
old) 243 


1.93 (1.30 to 2.88) ~ 


1.78 (1.21 to 2.61) 


Nurses' Health Study II 
(women 34 to 53 years 
old) 243 


1.99 (1.39 to 2.85) 


1.60 (1.10 to 2.32) 


Physicians' Health 
Study 246 


1.08 (95% CI 0.87 to 1.34) 


1.05 (95% CI 0.89 to 1.24) 



Although overdoses with acetaminophen can lead to potentially life- threatening 
hepatotoxicity, it is not clear if hepatotoxicity is associated with therapeutic doses in patients 
without underlying liver disease. We identified no studies comparing the incidence of 
hepatotoxicity with therapeutic doses of acetaminophen and NSAIDs. We also identified no 
studies comparing the incidence of myocardial infarctions in persons using acetaminophen 
compared with NSAIDs. 

Glucosamine and Chondroitin 

Data regarding the comparative efficacy of glucosamine versus NSAIDs in patients with 
osteoarthritis are mixed. The most promising results have been observed in trials sponsored by 
Rotta Research Laboratories (based in Europe), which manufactures pharmaceutical grade 
glucosamine not available in the U.S. Because the content and purity of over-the-counter 
glucosamine preparations vary substantially, the results of the Rotta trials may not be directly 
applicable in the U.S. 247 

A recently updated (searches through November 2004), good-quality Cochrane review 
included four short-term (4 to 8 weeks) head-to-head trials of glucosamine versus an oral NSAID 
(ibuprofen or piroxicam) Two of the trials were rated 5 out of 5 on the Jadad scale, and the 
other two were rated 3 or 4 out of 5. Rotta Research Laboratories sponsored three of the trials; 
the fourth 249 was also conducted in Europe, but funding information was not reported. One of 
the trials has only been published as an abstract, 250 and analyses were based on data from an 
unpublished manuscript. Two of the four trials found glucosamine superior to oral NSAIDs for 
efficacy, 249 ' 250 and two found no difference. 251,252 In pooled analyses, glucosamine was superior 
to an oral NSAID for improving pain (three trials, standardized mean difference -0.40, 95% CI - 
0.60 to -0.19), but not for improving function using the Lequesne Index (two trials, SMD -0.36, 
95% CI -1 .07 to 0.35). Glucosamine was also associated with fewer adverse events (RR 0.29, 
95% CI 0.19 to 0.44) and withdrawals due to toxicity (RR 0.06, 95% CI 0.01 to 0.25). Two 
small (N=40 and N=45), 12-week Canadian trials, neither funded by Rotta Research 
Laboratories, have also recently been published. Neither found differences between glucosamine 
and ibuprofen for general osteoarthritis pain 253 or for tempomandibular joint osteoarthritis. 
Only limited details of the study design were reported for the first trial, though the second met all 
criteria for a good-quality study. 

Evidence regarding the efficacy of glucosamine compared with placebo has also been mixed. 
The Cochrane review found glucosamine no better than placebo when the analysis was restricted 
to the eight trials with adequate allocation concealment. 48 By contrast, when all placebo- 
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controlled trials were included in the analysis, glucosamine was superior for both pain and 
function using the Lequesne index. The benefits of glucosamine also varied substantially 
depending on the preparation being studied. Specifically, glucosamine performed better in the 
seven trials evaluating the Rotta preparation (a prescription formulation available in Europe) 
(SMD -1.31, 95% CI -1.99 to -0.64) compared with the eight trials using non-Rotta preparations 
(SMD -0. 1 5, 95% CI -0.35 to 0.05). In fact, all of the five trials that found no benefit from 
glucosamine evaluated a non-Rotta brand of glucosamine and also had limited or no affiliation 
with a manufacturer of glucosamine. Older systematic reviews found glucosamine superior to 
placebo, but did not include several newer and higher quality trials that demonstrated no effect, 
and also noted important methodological flaws that could have exaggerated estimates of 
effect. 255,256 The Cochrane review 248 and one other recent, good-quality systematic review 257 
included two trials (one fair-quality and one good-quality) that found glucosamine (Rotta brand) 
superior to placebo for reducing progression of knee joint space narrowing over 3 years (SMD 
0.24, 95% CI 0.04 to 0.43 248 and RR 0.46, 95% CI 0.28 to 0.73 257 ). Other trials were too short in 
duration (mean 9 weeks) to assess joint space narrowing as an outcome. In all of the systematic 
reviews, rates of adverse events were no different between glucosamine and placebo. 

We identified no trials comparing chondroitin sulfate to oral NSAIDs. Three systematic 
reviews evaluated the efficacy and safety of chondroitin compared with placebo. The most 
recent, fair-quality systematic review found indistinguishable efficacy for glucosamine and 
chondroitin and combined the results of the trials. 256 When all trials were pooled, active 
treatment was associated with an increased likelihood of being a responder (RR 1.59, 95% CI 
1 .39 to 1 .83) compared with placebo. The results of the chondroitin trials were not reported 
separately. The chondroitin trials also received lower quality ratings than the glucosamine trials, 
but the effects of quality scores on the findings were not evaluated. Assessment of the effects of 
quality on assessments of estimates of benefit are important because an earlier, good-quality 
systematic review found pooled effect sizes for pain relief substantially lower for chondroitin 
trials with quality scores below the median (effect size 1.7, 95% CI 0.7 to 2.7) compared with 
trials with quality scores above the median (ES 0.8, 95% CI 0.6 to 1.0). 255 Smaller chondroitin 
trials also reported higher effects. The third systematic review was also rated fair quality 
because it did not evaluate the effects of study quality on results. 258 It found chondroitin superior 
to placebo for pain and function, but longer and larger studies were needed. All three systematic 
reviews found chondroitin tolerated as well as placebo, with only mild adverse events. 

Results of a large (N= 1,583), NIH-funded, randomized trial (Glucosamine/chondroitin 
Arthritis Intervention Trial) comparing placebo, celecoxib, glucosamine, chondroitin, and 
glucosamine plus chondroitin were recently published (Table 27). 259 Using pharmaceutical 
grade glucosamine hydrochloride (rather Than the over-the-counter glucosamine sulfate 
commonly available in U.S. as supplements not regulated as pharmaceuticals by the FDA) and 
chondroitin under an investigational new drug application, the study randomized patients 
stratified according to baseline pain severity. It found no differences between glucosamine, 
chondroitin, or the combination relative to placebo among all patients for achieving a clinical 
response (>20% improvement in WOMAC Pain score after 24 weeks), though the combination 
was superior to placebo for achieving a clinical response in an analysis of a small (20% of 
enrollees) subgroup of patients with modojrate to severe (WOMAC 301 to 400 mm) baseline pain 
(79%o vs. 54.3%o, p=0.002). There were no statistically significant differences between celecoxib 
and any of the other active treatment arms (glucosamine alone, chondroitin alone, or 
glucosamine plus chondroitin) or placebo and either glucosamine or chondroitin alone. The 
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authors postulated that lack of effect in the mild baseline pain group could have been due in part 
to floor effects. High placebo response rates were also observed. All of the interventions were 
well tolerated. 



Table 27. Response rates in the Glucosamine/chondroitin Arthritis Intervention Trial (GAIT) 



Intervention 


All patients 


Moderate-severe 
baseline pain (WOMAC 
pain score 301-400 mm) 


Mild baseline pain 
(WOMAC pain score 125- 
300) 


Placebo 


60.1% 


54.3% 


61.7% 


Celecoxib 


70.1%(p=0.008 vs. 
placebo) 


69.4% (p=0.06 vs.placebo) 


70.3% (p=0.04 vs. 
placebo) 


Glucosamine 


64.0% (p=0.30 vs. 
placebo) 


65.7% (p=0.17 vs. 
placebo) 


63.6% (p=0.67 vs. 
placebo) 


Chondroitin 


65.4% (p=0.17 vs. . 
placebo) 


61.4%(p=0.39 vs. 
placebo) 


66.5% (p=0.27 vs. 
placebo) 


Glucosamine + chondroitin 


66.6% (p=0.09 vs. 
placebo) 


79.2% (p=0.002 vs. 
placebo) 


62.9% (p=0.80 vs. 
placebo) 



Key Question 1b. How do these benefits and harms change with 
dosage and duration of treatment, and what is the evidence that 
alternative dosage strategies, such as intermittent dosing and 
drug holidays, affect the benefits and harms of oral medication 
use? 

Duration of exposure and dose may have an influence on the benefits and harms associated 
with selective and non-selective NSAIDsrthough data are limited and somewhat inconsistent. 
For rofecoxib, the VIGOR trial found that an increased risk of cardiovascular events appeared to 
became apparent only after 8 months of treatment. 106 Similarly, initial reports of the APPRO Ve 
trial appeared to show a duration-dependent effect, as the cardiovascular event rate curves for 
rofecoxib and placebo diveraged only after about 18 months. 132 However, a re-analysis that 
included originally censored events (occurring 14 days or more after discontinuation of study 
drug) suggests that the curves began to diverge after only 4 to 6 months, with no evidence of 
deviation from the proportional hazard over time. 133 The lack of an association with shorter 
duration of exposure in VIGOR could hav'e been due in part to lack of power to detect 
differences due to small numbers of events. Supporting this hypothesis are two recent meta- 
analyses that found that risk of cardiovascular events with rofecoxib 124 or COX-2 inhibitors in 
general did not vary according to duration of treatment. One of the meta-analyses also found 
that cardiovascular risk of rofecoxib did not vary according to dose. 124 However, the presence or 
absence of dose-dependent cardiovascular effects are difficult to analyze because 85% (84/98) of 
the events in patients allocated to rofecoxib in placebo-controlled trials occurred at a dose of 25 
mg/day. 129 

Observational data also suggests that increased cardiovascular risk with rofecoxib may occur 
at lower doses 145 and with shorter-term exposure. 152 261 Odds of acute MI were greater overall 
for rofecoxib relative to celecoxib in a case-control study of low-income Medicare beneficiaries 
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(mean age 79 years) exposed to treatment for < 90 days. 145 The risk estimate for those taking 
rofecoxib > 25 mg (OR 1 .70; 95% CI 1 .07, 2.71) was greater than for those taking < 25 mg (OR 
1.21; 95% CI 1.01, 1 .44), however. 145 Risk of CV events was similar for rofecoxib and 
meloxicam, regardless of duration, in a cohort study in which data was ascertained from an 
England National Health Services database using a Prescription Event Monitoring system. 262 In 
a case-control study of elderly patients in Quebec, the risk of acute myocardial infarction was 
highest following the first prescription of rofecoxib (adjusted RR 1.64, 95% CI 1.20 to 2.23 
compared to non-use) and returned to baseline by the 8 th prescription. 261 

Some studies also suggest that duration of exposure and dose could influence the 
cardiovascular safety of celecoxib. Celecoxib was not associated with excess cardiovascular risk 
when compared with diclofenac or ibuprofen in the CLASS trials 60 or in meta-analyses i05: 133 of 
mostly short-term trials of patients with arthritis. The long-term (33 months) APC polyp 
prevention trial was the first trial to clearly show an increased risk of cardiovascular events 

i no 

relative to placebo with celecoxib. However, even though it's possible that the lack of an 
association in CLASS and earlier meta-analyses could be due in part to less risk with shorter 
duration of exposure, an alternative explanation is lack of power due to small numbers of events. 
Regarding dose-dependent effects, one recent meta-analysis 129 of 41 placebo-controlled trials 
found higher doses associated with greater cardiovascular risks relative to placebo (p=0.03), 
though most of the events at the highest dose (800 mg/day) came from two long-term polyp 
prevention trials. 108 263 

Analysis of the CLASS data also suggests that celecoxib was more effective at reducing GI 
events at 6 months compared with longer duration of exposure. 60 In fact effects on pre-defined, 
serious GI complications were no longer present after 12 months, though interpretation of final 
results is problematic because of high withdrawal rates. 97 By contrast, in VIGOR, the GI benefit 
of rofecoxib compared to naproxen was seen early and sustained over the duration of the trial 
(median 9 months). 19 

One good-quality 7 systematic review of eight trials found that higher doses of non-selective 
and partially selective NSAIDs were generally associated with greater efficacy for some 
measures of pain relief when directly compared to lower doses. 64 Higher doses were also 
associated with greater withdrawals due to adverse events in two of four trials. In observational 
studies, the risk for GI bleeding with non-selective NSAIDs also appears to increase with higher 
doses. 11, !91 ' 236 By contrast, the risk of bleeding associated with acetaminophen was not 
associated with dose in one meta-analysis of three case-control studies, 236 though there was a 
modest dose response in another case-control study of elderly patients. 235 At low over-the- 
counter doses, the risk of GI hospitalizations associated with aspirin, acetaminophen, and 
ibuprofen were similar to background rates in patients with rheumatoid arthritis or osteoarthritis 
in the ARAMIS database. 265 A systematic review of observational studies found that use of 
aspirin and non-aspirin NSAIDs at over-the-counter doses is associated with an increased risk of 
GI bleeding, though the risk is lower than observed at prescription doses (approximately twofold 
greater risk at over-the-counter doses and sixfold or higher increases at heavy prescription 
levels. 11 One recent analysis of the Nurses' Health Study found that the risk of cardiovascular 
events was dose-related for both NSAIDs and acetaminophen. 

We found no studies evaluating the effects of alternative drug strategies such as intermittent 
dosing or drug holidays on risks and benefits of oral medication use. Although one difference 
between the APC trial (which found an increased risk of CV events with celecoxib) and the 
PreSAP trial (which reported no association) was twice-daily (APC) versus once-daily (PreSAP) 
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dosing, no study has directly compared such dosing strategies. Furthermore, other studies of 
twice-daily dosing with celecoxib (such as CLASS 60 and ADAPT 111 ) reported no increase in CV 
risk. 

Key Question 2. Do the comparative benefits and harms of oral 
treatments for osteoarthritis vary for certain demographic and 
clinical subgroups? 

Demographic Subgroups Include Age, Sex, and Race 

In general, the risk of cardiovascular, tardiorenal, and gastrointestinal adverse events 
associated with NSAIDs increase with age. 13 In one UK population, for example, the risk of 
adverse gastrointestinal outcomes in patients taking selective or non-selective NSAIDs was 1.36 
per 1,000 patient-years for all patients 25 years or older, but 4,03 per 1,000 patient-years in 
patients aged 65 or more. 138 Similarly, the risk of myocardial infarction was 1.71 per 100 
person-years for all patients 25 years or older, but 4.57 per 100 person-years for those 65 or 
older. 146 We found no trial designed to assess whether the relative harms and benefits associated 
with different NSAIDs for osteoarthritis varies according to age. However, even if the relative 
benefits and harms associated with different drugs are consistent across age groups, the absolute 
effects would increase with age because of greater baseline CV and GI risk. 

Studies that evaluated the efficacy and safety of selective and non-selective NSAIDs in 
average-risk elderly patients have generally reported similar findings compared with studies in 
populations with younger adults. An individual patient data meta-analysis of three celecoxib 
trials, for example, found effects of celecoxib 200 mg/day or 400 mg/day and naproxen 1,000 
mg/day similar in elderly patients when evaluating WOMAC and SF-36 scores. 266 For the SF- 
36, there were no statistically significant differences: naproxen scored better than celecoxib 200 
mg on four of 10 components of the SF-36, while celecoxib 200 mg scored better on six, 
including general health. Celecoxib 200 mg was significantly better than placebo on nine of the 
10 components, while naproxen was significantly better than placebo on seven. The study also 
confirmed that the overall incidence of GI adverse events was lower with celecoxib; the 
difference was about one event in 20 patients for celecoxib 200 mg and one in 10 for celecoxib 
400 mg. Similarly, a meta-analysis of three rofecoxib trials reported similarly consistent efficacy 
for rofecoxib 12.5 mg or 25 mg daily compared to placebo among various subgroups defined by 
age, gender, race, location of osteoarthritis, baseline symptoms, and baseline functional status. 267 
Another meta-analysis found that trials of NSAIDs in patients over the age of 60 reported similar 
risks for GI complications compared to trials of patients under the age of 60. 183 

Data suggesting differential effects of oral medications for osteoarthritis according to gender, 
ethnicity, or race are scant. In most of the published trials, a majority of subjects were worhen. 
As noted in the discussion of acetaminophen, results from the Nurses' Health Studies suggest 
that acetaminophen is associated with modest reductions in renal function in women, 243 but 
results from the Physicians' Health Study have found no association between acetaminophen use 
and renal dysfunction in men. 246 The effects of different NSAIDs in specific ethnic minorities 
have only been evaluated in small studies. In a randomized crossover study of 25 black and 
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Hispanic patients on ACE inhibitors, peak increases in blood pressure were similar in patients on 
diclofenac compared with celecoxib. 268 An observational study of 120 Native American patients 
seen in an Indian Health Service clinic in Phoenix who were switched to rofecoxib found that 
mean systolic blood pressure increased by 2.9 mm Hg overall (p=0.0l5) and by 4.8 mm Hg 
(p=0.009) in hypertensive patients. 269 We did not find any other publications focusing on the 
differential efficacy or safety of coxibs in African-Americans, Hispanics, or other ethnic 
minorities. 

Co-Existing Diseases Include History of Previous Bleeding Ulcer Due to 
NSAIDs; Hypertension, Edema, Ischemic Heart Disease, and Heart Failure. 

Rates of recurrent ulcer bleeding were similar for celecoxib 200 mg and the combinations of 
extended-release diclofenac 75 mg BID plus omeprazole 20 mg QD 270 or naproxen 250 mg TID 
plus lansoprazole 30 mg QD 271 in two fair-quality, 24-week, parallel trials involving a total of 
529 patients who presented with a bleeding ulcer (Table 28). There were also no differences 
between celecoxib and either combination therapy in other adverse events including GI, renal, 
and cardiovascular symptoms or in rates of withdrawals due to adverse events. One exception 
was that celecoxib 200 mg QD was associated with a higher rate of dyspepsia than naproxen 250 
mg TID plus lansoprazole 30 mg QD. 271 The high rates of recurrent bleeding in both the 
celecoxib-treated patients and in the combination therapy groups — over 10 times as high as the 
rate in the CLASS trial — suggest that NSAIDs and coxibs should be used with caution, if at all, 
in patients who have a recent history of a bleeding ulcer. 



Table 28. Celecoxib in patients with bleeding ulcer history 



Study 

Sample Size 



770- 



Treatments 



Recurrent ulcer 
bleeding at 6 months 
(difference; 95% CI) 



Other adverse 
events 



Withdrawals due to 
adverse events 



Chan 2002 
n=287 



Lai 2005 
n=242 



271" 



Celecoxib 200 mg BID 
Diclofenac 75 mg BID plus 
omeprazole 20 mg QD 



Celecoxib 200 mg QD 
Naproxen 250 mg TID plus 
lansoprazole 30 mg QD 



4.9% vs. 6.3% 
(-1.5%, CI -6.8, 3.8%; 
NS) 

3:7% vs. 6.3% (-Z6; 
CI -9.1, 3.7; NS) 



No differences 



13.3% vs. 11.9%, 
NS* 



No differences for 
all but dyspepsia: 
15% vs. 5.7%, 
p=0.02 



10% vs. 7.4%, NS 



♦Includes withdrawals due to lack of efficacy 
**Open trial 



We found no randomized controlled trial evaluating the risk of bleeding with rofecoxib 
compared with celecoxib in high-risk patients. A Danish population-based case-control study of 
high-risk patients with previous gastrointestinal diseases found that rofecoxib (OR 2.1, 95% CI 
1.2 to 3.5) and non-selective NSAIDs (OR 3.3, 95% CI 2.4 to 4.4), but not celecoxib (OR 1.3, 
95% CI 0.7 to 2.8), 272 were associated with higher risks of upper gastrointestinal bleeding. 

We found no randomized trials designed to assess whether the relative harms and benefits 
associated with different oral treatments for osteoarthritis vary according to underlying 
cardiovascular or renal risk. One recent analysis of three large polyp prevention trials of 
celecoxib or rofecoxib l09 ' 132 and one observational study of rofecoxib 273 found consistent risks 
for cardiovascular events among users at low and high baseline cardiovascular risk. However, 
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even if the relative risk of cardiovascular harms is consistent across risk groups, the absolute 
effects with any specific drug would be greater in patients at higher baseline risk. This is 
strikingly illustrated by a recent, good-quality population-based study of a very high risk group 
of 58,000 Danish patients with previous myocardial infarction that found hazard ratios for death 
of 2.80 (95% CI 2.41 to 3.25) for rofecoxib, 2.57 (95% CI 2.15 to 3.08) for celecoxib, 1.50 (95% 
CI 1.36 to 1.67) for ibuprofen, 2.40 (95% CI 2.09 to 2.80) for diclofenac, and 1.29 (95% CI 1.16 
to 1 .43) for other NSAIDs compared to non-use of NSAIDs." 74 Because of high rates of death in 
this population (95 per 1000 person-yearsnn those not using NSAIDs), the estimated number of 
patients needed to treat with an NSAID for one year to cause one additional death was very low, 
at 13 (95% CI 10-20) for rofecoxib, 14 (95% CI 10-24) for celecoxib, 45 (95% CI 29-102) for 
ibuprofen, and 24 (95% CI 16-45) for diclofenac. 

Only a few trials have evaluated the effects of different medications on cardiovascular and 
cardiorenal events specifically in high-risk patients. Three randomized trials sponsored by the 
manufacturer of celecoxib found higher rates of hypertension or blood pressure increases in 
patients randomized to rofecoxib compared with patients randomized to celecoxib, but no 
differences in discontinuations due to adverse events or for episodes of heart failure. 84,85,207 As 
noted earlier, the results of these trials must be interpreted cautiously because they evaluated 
possibly non-equivalent doses of rofecoxib and celecoxib, and because one of the trials 84 had 
important baseline differences suggesting inadequate randomization. 

A meta-analysis funded by the manufacturer of rofecoxib found that in a high-risk subgroup 
of patients in whom aspirin was indicated (history of cardiovascular disease), rofecoxib was not 
associated with an increased risk of myocardial infarction compared with either placebo or non- 
selective NSAIDs. 123 However, the duration of the included trials may have been too short 
(median 3Yi months) to detect an increased risk, few events were observed, and only a minority 
of patients received the high dose of rofecoxib evaluated in the VIGOR trial. 

We found no trials evaluating comparative risks of different oral medications in patients with 
known congestive heart failure. A recent, good-quality population based retrospective cohort 
study, however, found that the risk of death and recurrent congestive heart failure was higher in 
patients prescribed NSAIDs (HR 1.26, 95% CI 1.00 to 1.57) or rofecoxib (HR 1.27, 95% CI 1.09 
to 1.49), each compared with those prescribed celecoxib. 211 We also found no trials comparing 
the risks and benefits of different oral medications in patients with known renal failure. 

Concomitant Anticoagulant or Aspirin Use 

Concomitant anticoagulants. Concomitant use of anticoagulants and non-selective NSAIDs 
increases the risk of GI bleeding three- to six-fold compared to anticoagulants alone. 275,276 
Several observational studies have evaluated whether COX-2 selective agents are associated with 
a lower risk for bleeding compared with non-selective agents in patients on anticoagulation. 

A good-quality nested case-control study of elderly (>66 years old) patients on warfarin in 
Ontario, Canada, evaluated the association between hospitalization for upper gastrointestinal 
bleeding (361 cases) and use of selective or non-selective NSAIDs. 277 It found that after 
adjustment for potential confounders (antiplatelet agents, hypoglycemic agents, glucocorticoids, 
gastroprotective agents, history of previous bleed, and comorbidities), recent use of non-selective 
NSAIDs (OR 1.9, 95% CI 1.4 to 3.7), celecoxib (1 .7, 95% CI 1.2 to 3.6), and rofecoxib (2.4, 
95% CI 1.7 to 3.6) were all associated with increased and overlapping risks for upper 
gastrointestinal bleeding, compared with non-use. Because this study relied on pharmaceutical 
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databases to identify exposures prior to hospitalization, it could not assess the confounding 
effects of over-the-counter use of aspirin, other NSAIDs ; or acid suppressive medications. It 
also was unable to control for variations in INR level and the risk for bleeding. 

A smaller, fair-quality nested case-control study of patients in the Netherlands evaluated the 
risk of bleeding in anticoagulated patients receiving partially selective (meloxicam or 
nabumetone) COX-2 inhibitors or non-selective NSAIDs. 27 No case (N=154) received either 
celecoxib or rofecoxib. This study also differed from the Ontario study in that it included all 
cases of minor visible bleeding, hematoma, or black tarry stools. It used a questionnaire to 
assess exposure status and comorbidities. Patients were interviewed over the phone if answers 
were incomplete or unclear. The response rates were significantly higher in the cases 
(approximately 70%) compared with controls (approximately 31%). The study found that non- 
selective NSAIDs were associated with an increased risk of bleeding compared with partially 
selective NSAIDs after adjustment for duration of use and INR level (OR 3.07. 95% CI 1.18 to 
8.03). 

An open, crossover trial compared celecoxib 200 mg and rofecoxib 25 mg in 18 patients with 
OA, RA, or chronic pain who were stable (three consecutive INRs within 15% of each other) on 
warfarin therapy. 279 The trial was designed to measure mean change in INR and safety 
parameters. Similar rates of edema, heart failure and other adverse events were found for 
celecoxib and rofecoxib. The INR increased by 5% to 1 5% between weeks one and three for 
both coxibs. Four minor bleeds were reported; none were associated with a significant decrease 
in hemoglobin concentration. 

Postmarketing case reports of serious bleeding events, some fatal, have also been reported 
with concomitant anticoagulation and both rofecoxib and celecoxib. Most of these events 
occurred in elderly patients. !33 ' 280 

We found no studies evaluating risks and benefits of concomitant anticoagulants and aspirin 
in patients with arthritis. Combination therapy has been studied in patients with indications for 
thromboembolic prophylaxis. However, the results of those studies are not directly applicable to 
patients with arthritis because of important differences in the populations (particularly with 
regard to cardiovascular risk), and because aspirin was used in lower, prophylactic doses (rather 
than anti-inflammatory and analgesic doses). One fair-quality meta-analysis (did not evaluate 
quality of included trials) found major bleeding risk increased with warfarin plus aspirin versus 
warfarin alone (at the same intensity) in patients with mechanical heart valves (3 trials, RR 1 .58, 
95% CI 1.02 to 2, 44). 281 In patients with recent myocardial infarction or atrial fibrillation (one 
trial each), the increase in risk was not statistically significant (RR 3.07, 95% CI 0.33 to 28.38 
and RR 2. 13, 95% CI 0.20 to 23.03, respectively). In patients with mechanical heart valves, the 
increase in bleeding risk was offset by a reduction in thromboembolic events (RR 0.33, 95% CI 
0. 19 to 0.58), and there was no difference in all-cause mortality (RR 0.78, 95% CI 0.29 to 1 .83). 
Other evidence on the risks and benefits of combination therapy has focused on comparing 
warfarin plus aspirin to aspirin alone. A recent good-quality meta-analysis of 10 trials, for 
example, found that the combination of warfarin plus aspirin increased the risk of major bleeding 
compared with aspirin alone following myocardial infarction or the acute coronary syndrome 
(RR 2.5, 95% CI 1.7 to 3.7). 282 However, the increase in bleeding risk was offset by lower risks 
for myocardial infarction, ischemic stroke, and revascularization. Mortality did not differ. 

No study evaluated risk of bleeding in anticoagulated patients on acetaminophen compared 
with those on NSAIDs. A small, randomized controlled trial found acetaminophen associated 
with greater increases in INR levels compared with placebo. 283 Several observational studies 
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have also found an association between excess anticoagulation and use of acetaminophen. 284,285 
However, changes in INR are not the only important factor for predicting increased risk of 
bleeding. NSAIDs, for example, also affect platelet function and disrupt the gastric mucosal 
lining. Studies evaluating actual bleeding complications are necessary to better assess the 
comparative risks from acetaminophen and other NSAIDs. 

No studies evaluated risk of bleeding in anticoagulated patients on glucosamine, chondroitin, 
or topical agents. 

Concomitant aspirin. Beneficial effects of COX-2 selective inhibition on GI complication 
rates may be attenuated or eliminated by the concomitant use of aspirin. In the 20 per cent of 
patients in the CLASS trial who took aspirin in addition to their study drug, there was no 
difference in ulcer complications or ulcer complications plus symptomatic ulcers in patients 
randomized to celecoxib versus those randomized to diclofenac, ibuprofen, or the two NSAID 
comparators combined. 96 Similarly, a meta-analysis of randomized controlled trials found that 
beneficial effects of celecoxib on risk of endoscopically detected ulcers were reduced in patients 
on prophylactic aspirin (RR 0.49, 95% CI 0.28 to 0.86) compared with those not on aspirin (RR 
0.27, 95% CI 0.16 to 0.48). 61 This analysis excluded the results of the CLASS trials because 
they did not evaluate endoscopic ulcers as an outcome and because of high, differential 
withdrawal rates. A re-analysis that included the full CLASS trials results found no benefit 
(rather than a reduced benefit) from celecoxib in patients on aspirin (RR 0.96, 95% CI 0.63 to 
1.46), but the appropriateness of combining data from trials reporting endoscopic ulcers with 
data from the CLASS trials on withdrawal rates, symptomatic ulcers, and ulcer complications, is 
disputed. 287 Another meta-analysis found that use of aspirin increased the rate of endoscopic 
ulcers by about 6% in patients randomized to celecoxib (4.2% without aspirin and 9.9% with 
aspirin) and in those randomized to a nonselective NSAID (1 7.6% and 23. 8%). 62 In the 
TARGET trial, no reduction in ulcer complications with lumiracoxib compared to non-selective 
NSAIDs was observed in the subgroup of patients on aspirin (HR 0.79, 95% CI 0.40, 1.55). 175 
There is less evidence on the effects of aspirin on the GI risk associated with rofecoxib. A 
recent trial that randomized osteoarthritis patients to placebo, enteric-coated aspirin (8 1 mg/day), 
rofecoxib 25 mg/day + aspirin 8 1 mg/day, or ibuprofen 2,400 mg/day found similar rates of 
endoscopic ulcers in the rofecoxib + aspirin arm (16. 1%) and the ibuprofen alone arm (1 7. 1%); 
both rates were significantly higher than the placebo (5.8%) and aspirin alone (7.3%) arms. 288 A 
meta-analysis of aspirin users in two trials' comparing celecoxib 200 mg daily and rofecoxib 25 
mg daily found celecoxib associated with a lower rate of withdrawals due to GI adverse events 
than rofecoxib (0.7% vs. 3.9%, p<0.05), as well as with GI symptoms. 289 However, there were 
no reported serious GI events. Interpretation of these results is limited by nonequivalent dosing 
of the COX-2 inhibitors, pooling of data across trials, and post-hoc subgroup analyses of the 
aspirin-users data. 

Concomitant aspirin use has not been shown to eliminate or reduce excess cardiovascular 
risks associated with COX-2 inhibitors. In large polyp prevention trials of rofecoxib 132 and 
celecoxib, 109 use or non-use of low-dose aspirin did not affect the observed increased risk of 
thrombotic events. 132 A recent meta-analysis of 84 placebo-controlled trials that permitted 
aspirin (including the polyp prevention trials) found a very similar risk of vascular events among 
those using aspirin (RR 1.57, 95% CI 0.90 to 2.72) and aspirin non-users (RR 1.51, 95% CI 1.14 
to 2.01), though the absolute rate of events was higher in aspirin users (1 .9%/year versus 
1 . 1%/year). 12 Consistent with these findings, two large observational studies using the UK 
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GPRD l8:) and QRESEARCH 146 databases found no significant interaction between concurrent 
NSAID and aspirin use and the risk of myocardial infarction. One observational study found that 
in patients with known cardiovascular disease, there was a higher rate of overall mortality 
(adjusted hazard ratio 1.93, 95% CI 1.30 to 2.87) and cardiovascular death among users of 
ibuprofen plus aspirin compared with users of aspirin alone, suggesting that ibuprofen (or other 
NSAIDs) could interfere with the cardioprotective effects of aspirin. 29 However, this study only 
evaluated small numbers of patients on NSAIDs, and did not adjust for important comorbidities. 

Key Question 3. What are the comparative effects of co- 
prescribing of H2-antagonists, misoprostol, or proton pump 
inhibitors (PPIs) on the gastrointestinal harms associated with 
NSAID use? 

Misoprostol, standard- and double-dose H2 blockers and PPIs were all effective in reducing 
the risk of NSAID-associated endoscopic gastric and duodenal ulcers relative to placebo in three 
good-quality systematic reviews (Table 29) " of numerous randomized controlled trials of 
OA/RA patients. 9 ' 69 ' 291 ' 294 ' 321 H2 blockers, 320 " 330 misoprostol (RR0.36, 95% CI 0.20 to 0.67), 
and PPIs (RR 0.09, 95% CI 0.02 to 0.47) also reduced NSAID-associated symptomatic ulcers, 
but not serious cardiovascular or renal illness or death. 293 

Misoprostol has been studied most extensively and is the only agent proven to decrease risk 
of ulcer complications (MUCOSA). 317 In a large, good-quality trial, misoprostol was associated 
with a rate of definite ulcer complications^ 25/4404 (0.6%) compared to 44/4439 (0.9%) with 
placebo (p=0.049). 317 However, misoprostol is also the only agent to be associated with a 
significant risk of treatment withdrawal due to nausea (RR=1.30, 95% CI 1.08 to 1.55), diarrhea 
(RR=2.40, 95% CI: 2.05 to 2.81), and abdominal pain (RR=1.36, 95% CI 1.20 to 1.55. 

Table 29. Placebo-controlled trials of gastroprotective agents 291 " 293 



Prevention of 

# PCT studies endoscopic ulcers Prevention of clinical Gl 



Treatment 


Duration 


Gastric 


Duodenal 


events* 


Misoprostol 


1-1.5 months: 


1-1.5 months: 


1-1.5 months: RR=0.28; 


Silverstein 1995 (MUCOSA): 




8 


RR=0.17, 95% CI: 


95% CI 0.09-0.31 


OR 0.598; 95% CI 0.364 to 






0.09 to 0.31 




0.982 




> 3 months: 11 




3 months: RR=0.47, 95% 








3 months: 


CI 0.33 to 0.69 








RR=0.26; 95% CI 










0.17 to 0.39 






H2 blockers 


Standard 


Standard dose: 


Standard dose at 1 and 


None 




doses (150 


insignificant effect 


3 months: RR=0.24, 






mg): 7 


Double dose: 


95% CI: 0.10 to 0.57 and 






Double doses 


RR=0.44, 95% CI: 


RR=0.36, 95% CI: 0.18 






(300 mg): 3 


0.026 to 0.74 


to 0.74 






1-3 months 




Double dose: 0.26, 95% 










CI 0.11 to 0.65 




PPIs 


4 


RR=0.40 t 95% CI 


RR0.19, 95% CI 0.09 to 


None 




Duration NR 


0.32 to 0.51 


0.37 





"Upper GI hemorrhage, perforation, pyloric obstruction, death) 
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Table 30 reflects the results from five trials 306 ' 309 ' 314 ' 319 ' 321 that directly compare one 
gastroprotective agent with another, as reported in the Canadian Coordinating Office for Health 
Technology Assessment review. 292 Both misoprostol and omeprazole were superior to ranitidine 
for the prevention of gastric ulcers. Omeprazole and lansoprazole also appeared superior to 
misoprostol and ranitidine for the prevention of duodenal ulcers. 



Table 30. Head-to-head trials of gastroprotective agents' 





Reductions in ulcer risk 




Comparison 


Gastric 


Duodenal 


Misoprostol vs. ranitidine* 
(2 trials; n=600) 


RR=0.12 

95% CI 0.03 to 0.89 


No differences 


Omeprazole 20 mg vs. ranitidine 
150 mg (1 trial, n=425) 


RR=0.32 

95% CI 0.17 to 0.62 


RR=0.11 

95% CI 0.01 to 0.89 


PPT* vs. misoprostol*** 


No differences 


RR=0 29 

95% CI 0.15 to 0.56 



♦standard dose 

♦♦omeprazole or lansoprazole 
*** secondary prophylaxis trials 



A good-quality meta-analysis of 26 trials found co-administration of a PPI with a non- 
selective NSAID associated with a greater reduction in dyspepsia, epigrastric pain and nausea 
than a selective COX-2 inhibitor alone, when each was compared to a non-selective NSAID 
alone (relative risk reduction 66% and absolute risk reduction 9% for the PPI + non-selective 
NSAID versus RRR 12% and ARR 3.7% with COX-2 inhibitor). 331 

Key Question 4. What are the comparative benefits and harms of 
treating osteoarthritis with oral medications as compared with 
topical preparations? 

Topical NSAIDs - Efficacy 

Four trials directly compared topical and oral NSAIDs for osteoarthritis. Two recent good- 
quality systematic reviews 3 ' 333 included three 334 " 336 of these trials (an older systematic review 
was excluded because its results appear outdated. 337 ). One systematic review (by Lin et al 332 ) 
only included osteoarthritis trials, while the other systematic review (by Mason et al 333 ) included 
osteoarthritis and other chronic pain conditions. The systematic reviews also used different 
methods for abstracting and pooling efficacy data. Specifically, the primary outcome in Mason 
et al was a dichotomous outcome: the proportion of patients with clinical success (defined as 
approximately a 50% reduction in pain) at the end of the trial. By contrast, the primary outcome 
used by Lin et al was continuous: the difference in standardized effect sizes for the outcomes of 
pain, flinction, or stiffness measured at the end of each week of treatment. Two 335 ' 336 of the 
trials received 5 out of 5 points on the Jadad quality scale; the third 334 received a score of 3. 333 
Mason et al found topical and oral NSAIDs equivalent for clinical success after 3 to 4 weeks 
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(pooled relative risk 1.1; 95% CI 0.9 to 1.3). 333 Although Lin et al found topical NSAIDs 
inferior to oral NSAIDs for pain and function after one week of treatment, this finding was based 
on data from only one RCT (effect size -0.38 for pain, 95% CI -0.66 to -0.10 and ES -0.32 for 
function, 95% CI -0.60 to -0.04). 332 There were no significant differences between topical and 
oral NSAIDs after 2 (one RCT), 3 (two RCTs) or 4 (one RCT) weeks. Effect sizes could not be 
calculated for one of the three RCTs. 3j4 

The largest and longest trial (by Tugwell et al) comparing topical and oral NSAIDs was 
published in 2004 — too late to be included in the systematic reviews. 338 This good-quality study 
found the proportion of responders (as defined by Outcomes Measures in Arthritis Clinical Trials 
and the Osteoarthritis Research Society V4 recommendations) at 12 weeks similar in patients 
randomized to topical or oral diclofenac (66% vs. 70%, p=0.37). There were also no clinically 
relevant differences for the outcomes of mean change in pain scores, physical function, or patient 
global assessment. The topical diclofenac evaluated in this trial was a proprietary formulation 
with DMSO (a drug not approved for topical use in humans by the FDA) not available in the 
U.S. 

We pooled rates of clinical response from the four trials (including Tugwell et al) comparing 
topical and oral NSAIDs, using intention-to-treat (missing values=failure) results and methods 
similar to the Mason meta-analysis. We found no differences between topical and oral NSAIDs 
(OR=0.95, 95% CI 0.70-1.30). It should be noted that the Sandelin study, which reported the 
lowest efficacy for topical versus oral NSAIDs, evaluated topical eltenac, a drug that is no longer 
being investigated for use in humans. 335 



Table 31. Head-to-head trials of topical versus oral NSAID for osteoarthritis 



Author, year 


Condition 
Number enrolled 


Comparison 


Duration of 
study 


Definition of clinical 
success 


Dickson, 1991 ^ 


OA of knee 
235 


Piroxicam 0.5% 
Ibuprofen 400 mg po 
tid 


4 weeks 


Patient global 
assessment 'good* or 
'excellent' 


Sandelin, 1997 JJ3 


OA of knee 
208 


Eltenac 1% gel 
Diclofenac 50 mg bid 


4 weeks 


Physician global 
assessment 'good' 


Zacher, 2001 JJO 


OA of fingers 
321 


Diclofenac 1 % gel 
Ibuprofen 400 mg po 
tid 


3 weeks 


>=40% improvement 
in pain on 100 mm 
VAS 


Tugwell, 2004 OJO 


OA of knee 
622 


Diclofenac 1.5% in 
carrier with 45.5% 
D'MSO 

Diclofenac 50 mg po 
tid 


12 weeks 


OMERACT VI 
criteria 38 for clinical 
responder 
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Figure 1. Clinical success in trials comparing a topical versus an oral NSAID 



Review: nsaiOs 

Comparison: 01 Topical vs. oral NSAID 

Outcome: 01 Clinical success 



Study 

or sub-category 



Topical NSAID 
n/N 



Oral NSAID 
n/N 



OR (random) 
95% CI 



Weight 
% 



OR (random) 
95% CI 



Dickson 
Sandetin 
Zacher 
TugweU 



69/1X7 
22/126 
66/165 
201/303 



55/11B 
23/82 
53/156 
210/303 



Total (95% CI) 

Total events: 357 (Topical NSAID). 351 (Oral NSAID) 

Test for fieterogeneily: Ch? = 5.18. df = 3 (P = 0.16). H =42.1% 

Test for overall effect: Z = 0.31 (P = 0.76) 



22.63 
16.05 
26.35 
34.52 



1.13 (0.68. 1.90) 

(0.2B. 1.06} 

1.30 (0.82, 2.04} 

0.97 {0.62. 1.23} 

0.35 {0.70, 1.301 



-*0.1 0.2 0.5 1 2 5 10 

Favours oral Favours topical 



1991 
1997 
2001 
2004 



Only three small (sample sizes 40, 85, and 129), short-term (2- to 4-week) trials directly 
compared different topical NSAIDs for chronic pain conditions. They found no differences 
between topical diclofenac and indomethacin, topical flurbiprofen and piketoprofen, 340 or 
topical ketoprofen and diclofenac. 341 

The two systematic reviews came to somewhat different conclusions regarding the efficacy 
of topical NSAIDs compared with placebp. Lin et al found that topical NSAIDs were effective 
only during the first 2. weeks of treatment. 332 However, their conclusions at 3 and 4 weeks were 
entirely based on three trials that evaluated eltenac gel (no longer produced or studied for human 
use) or a topical salicylate (no longer classified as a topical NSAID). Mason et al, on the other 
hand, found NSAIDs superior to placebo (relative risk for improvement in symptoms 1.9, 95% 
CI 1.7 to 2.2) from 14 placebo-controlled trials of varying duration, with a number needed to 
treat for one case of clinical success (approximate 50% reduction in pain) of 4.6 (95% CI 3.8 to 
5.9). 333 Results were not sensitive to quality ratings, trial sample size, outcome measured, or 
condition (knee osteoarthritis versus other-musculoskeletal conditions). 

Four placebo-controlled trials of topical NSAIDs for osteoarthritis 342 " 345 have been published 
since the systematic reviews were conducted. Three of these trials lasted longer than 4 weeks, 
and all found topical NSAIDs effective. The results of these trials are summarized in Table 32 
for the dichotomous outcome "clinical success. " The longest trial of topical versus oral 
NSAIDs — a 2-year study of topical versus oral ibuprofen funded by the. UK Health Technology 
Assessment Program — will not be completed until 2007. 346 



Table 32. Clinical success rates in recent placebo-controlled trials of topical NSAIDs 



Study 


Duration 


Definition of 'clinical 
success' 


Treatment group 


Proportion of subjects 
classified as 'clinical 
success 1 at end of 
study period 


Bookman, 2004°^ 


4 weeks 


>50% reduction in pain 


Diclofenac 

Vehicle-control 

Placebo 


44/84 (52.4%) 
26/79 (32.9%) 
28/84 (33.3%) 


Roth, 2004^ 


12 weeks 


>50% reduction in pain 


Diclofenac 
Vehicle-control 


79/163 (48.5%) 
55/159 (34.6%) 


Baer, 2005^' 


6 weeks 


>50% reduction in pain 


Diclofenac 
Vehicle-control 


46/105 (43.8%) 
27/107 (25.2%) 


Tmavsky, 2004^ 


7 days 


Reduction of >18 mm 
in VAS or >23% from 
baseline for pain 


Ibuprofen 
Placebo 


21/25 (84.0%) 
10/25 (40.0%) 
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Placebo-controlled trials also suggest that topical NSAIDs differ with regard to efficacy. 
Topical diclofenac, which has been evaluated in the most (eight) trials, was consistently superior 
to placebo or associated with a trend towards superiority. 333, 42 ~ 44 Several of these trials 
evaluated a proprietary compound (not available in the U.S.) of topical diclofenac in a carrier 
containing DMSO (Pennsaid®). 347 Ibuprofen was superior to placebo for chronic pain 
conditions in three RCTs. 333,34D By contrast, evidence regarding the efficacy of other topical 
NSAIDs for chronic conditions is much more scant (see Mason, 333 Additional Files 4 and 5). 
Four trials found topical piroxicam no better than placebo, homeopathic gel, or glyceryl trinitrate 
1% cream. One RCT found topical ketoprofen no better than placebo. Topical felbinac, 
flufenamate, and indomethacin have only been evaluated in one or two small trials each. 
Evidence on topical flurbiprofen was mixed: one trial found topical flurbiprofen superior to 
placebo, but another found no differences. 

Topical NSAIDs - Safety 

Topical NSAIDs were associated with increased local adverse events (skin reactions such as 
rash, itch, and burning) compared with oral NSAIDs in two recent systematic reviews. 332,333 
However, there were no differences for total adverse events, systemic adverse events, withdrawal 
due to adverse events, gastrointestinal events, or central nervous system events. For the outcome 
of withdrawal due to adverse events, we found no differences when we pooled the three trials 
included in the earlier reviews and a fourth, 338 more recent trial 



Figure 2. Withdrawal due to adverse events in trials comparing a topical to an oral NSAID 



Review: NSAIDs 

Comparison: 01 Topical vs. oral NSAtD 

Outcome: 02 Withdrawal due to adverse events 



Study 

or sub-category 



Topical NSAID 
n/N 



Oral NSAD 
n/N 



OR (random) 
95% CI 



Weight 
% 



OR (randorrf 
95% CI 



Year 



Dickson 
Sandelin 
Zacher 
Tugwell 



9/117 
4/126 
5/165 
64/311 



Total (95% CI) ?19 

Total events: 82 (Topical NSAID). 103 (Oral NSAID) 

Test for heterogeneity. ChP = 6.1*. df = 3 (P = 0.1 1). I 1 = 51.1% 

Test for overall effect: 2 = 0.82 (P = 0.41) 



7/118 
1/92 
16/1S6 
79/311 

667 



23.77 
7.97 
23.60 
44.66 

1C0. 00 



1.32 (0.48, 3.67] 

2.66 (0.29, 24.19) 

0.27 (0.10, 0.77) 

0.76 (0.S2, 1.11] 

0.75 [0.38, 1.48] 
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Among the head-to-head trials, Tugwell et al provides the most information about adverse 
events because it has the largest sample size, the longest duration of follow-up, and used pre- 
specified definitions for adverse events and adverse-event severity. 338 Topical diclofenac was 
associated with more local skin reactions but with fewer systemic and laboratory adverse events 
(Table 33). 
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Table 33. Adverse events from a trial comparing topical to oral diclofenac 



Adverse event 


Topical diclofenac in 
DMSO carrier (n=311) 


Oral diclofenac 
(n=311) 


P value for 
difference 


Withdrawal due to adverse event 


21% 


25% • 


0.15 


Increase in mean blood pressure >= 5 mm Hg 


TA% 


28% 


0.30 


Dry skin 


27% 


1% 


O.0001 


Rash 


12% 


2% 


<0.0001 


Pruritus 


6% 


0.6% 


O.0001 


Gastrointestinal events (abdominal pain, 
constipation, diarrhea, dyspepsia, flatulence, 
melena, nausea, vomiting) 


35% 


48% 


0.0006 


Severe gastrointestinal event (defined as 
producing significant impairment of functioning 
and definite hazard to patient's health) 


2.6% 


10.2% 


0.0003 


Melena 


1% 


2% 


0.36 


Asthma 


3% 


0.6% 


0.02 


Dizziness 


0.6% 


4% 


0.002 


Dyspnea 


0% 


2% 


0.01 


Hemoglobin went from normal to abnormal 


2% 


10% 


O.0001 


Alanine transaminase increase to >3 times the 
upper limit or normal 


1.1% 


4.7% 


0.01 


Creatinine clearance went from normal to 
abnormal 


4% 


10% 


0.01 



No RCT was adequately designed to assess risks for serious but uncommon adverse events 
such as myocardial infarction, renal failure, or gastrointestinal bleeding. We identified one case- 
control study (1.103 cases) that evaluated the risk of hospital admission for upper gastrointestinal 
bleeding and perforation in patients taking topical NSAIDs. 348 After adjusting for the 
confounding effects of exposure to oral NSAIDs and ulcer healing drugs, there was no 
association between exposure to topical NSAIDs within 45 days of an upper GI bleed (OR 1.45, 
95% CI 0.84 to 2.50 with community controls and OR 1.06, 95% CI 0.60 to 1.88 with hospital 
controls). By contrast, oral NSAIDs were associated with increased risk (OR 2.59, 95% CI 2.12 
to 3.16 for community controls and 2.00, 95% CI 1.60 to 2.50 for hospital controls). In a nested 
case-control study of the General Practice Research Database, topical NSAID use was not 
associated with symptomatic peptic ulcer (RR=1.0 versus non-use, 95% CI 0.6 to 1.7), though 
oral NSAID use was associated with increased risk (RR=4.0, 95% CI 3.2 to 5.1). 234 

We identified one case-control study of similar design that found exposure to topical 
NSAIDs not associated with acute renal failure (adjusted OR 1.33, 95% CI 0.79 to 2.24 using 
community controls and 1.04, 95% CI 0.60 to 1.83 using hospital controls). 349 Recent exposure 
to oral NSAIDs, on the other hand, was associated with increased risk of renal failure using 
either community (adjusted OR 2.20, 95% CI 1.49 to 3.25) or hospital (adjusted OR 1.84, 95% 
CI 1.15 to 2.93) controls. We identified no studies comparing the risk of cardiovascular events 
in persons on topical versus oral NSAIDs. 

Topical Salicylates (Including Capsaicin) 

We identified no trials comparing topital salicylates to oral or topical NSAIDs. One recent 
good-quality systematic review found topical salicylates superior to placebo for pain relief when 
data from six trials were pooled (relative benefit 1 .5, 95% CI 1 .3 to 1 .9; NNT 5.3, 95% CI 3.6 to 
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10.2). However the three higher quality trials found no significant benefit (relative benefit 1.3, 
95% CI 0.98 to 1.6). Local adverse events were rare, but the quality of adverse-event reporting 
was poor. 

We identified no trials comparing topical capsaicin to oral or topical NSAIDs. One recent 
good-quality systematic review found that for chronic musculoskeletal pain, capsaicin was 
superior to placebo for achieving clinical success (defined as approximately a 50% reduction in 
pain), with a relative benefit of 1.5 (three trials, 95% CI 1.1 to 2.0) and number needed to treat of 
8.1 (4.6 to 34). 33 ° About 54% of patients had local adverse events with capsaicin, compared with 
15% with placebo (relative risk 3.6, 95% CI 2.6 to 5.0). Withdrawals due to adverse events were 
also significantly more likely with capsaicin (13% vs. 3%, relative risk 4.0, 95% CI 2.3 to 6.8). 
An older systematic review was excluded because it appears outdated. 351 
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Chapter 4. Summary and Discussion 



The table below summarizes the strength of evidence and results for each key question. 
Publication bias is an issue for all of these questions, because we do not know the complete 
details or results of unpublished trials submitted to the FDA or trials that have been conducted 
but not published or submitted to the FDA 



Table 34. Summary of findings with strength otevidence 



Key Question 


Level of Evidence 


Conclusion 


1a. What are the comparative 
benefits and harms of treating 
osteoarthritis with oral 
medications or supplements? 






Efficacy: Non-selective NSAID 
vs. non-selective NSAID 


Non-selective NSAID vs. non- 
selective NSAID: good. 
Consistent evidence from 
several good-quality systematic 
reviews and published trials. 
Salsalate vs. aspirin. Poor: One 
short-term trial. 
Salsalate or aspirin vs. non- 
aspirin NSAIDs. Poor. 


No difference in efficacy between various non- 
aspirin, non-selective NSAIDs or partially 
selective NSAIDs (meloxicam, nabumetone, 
etodolac). No difference between salsalate 
and aspirin in one short-term trial. There were 
no trials or eligible observational studies of 
salsalate or aspirin vs. non-aspirin NSAIDs. 


Efficacy. selective vs. 
non-selective NSAID 


vjOOu. v^onsisieni eviaence 
from many published trials 


INO (Jlilci ci iCc. 


Efficacy: COX-2 selective vs. 
COX-2 selective 


Good. Consistent evidence 
from six published trials. 


No clinically significant differences at 
comparable doses. 


Gl and CV safety: Rofecoxib 


Good. One large published trial, 
multiple meta-3halyses and 
systematic reviews of published 
and unpublished trials, multiple 
observational studies. 


In a pivotal, long-term trial (VIGOR) of patients 
with rheumatoid arthritis, rofecoxib 50 mg 
daily reduced symptomatic ulcers and serious 
ulcer complications compared with naproxen. 
After an average of 9 months, rofecoxib use 
was associated with 1 fewer symptomatic 
ulcer for every 62 patients treated; one fewer 
serious Gl complication for every 191; and 
one additional Ml for every 333 patients. The 
overall rate of serious adverse events, 
however, was higher with rofecoxib than 
naproxen. Higher-quality systematic reviews 
and observational studies are generally 
consistent with these findings (about 3.5 
additional myocardial infarctions for every 
1000 patients treated for one year). One long- 
term placebo-controlled polyp prevention trial 
also found an increased risk of Ml. 


Gl and CV safety: Celecoxib 


Fair: Multiple meta-analyses and 
systematic reviews of mostly 
short-term published and 
unpublished trials, multiple 
observational studies. 


In the only published large, long-term study 
(CLASS), celecoxib was no better than 
diclofenac or ibuprofen for complicated or 
symptomatic ulcers at the end of follow-up. In 
subgroup analyses of patients not on aspirin, 
celecoxib was superior to ibuprofen but not to 
diclofenac for ulcer complications. There was 
no increase in the rate of cardiovascular 
events for celecoxib in CLASS. The overall 
rate of serious adverse events was similar 
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Key Question 


Level of Evidence 


Conclusion 






with celecoxib compared to ibuprofen and 
diclofenac. Systematic reviews and other 
meta-analyses of primarily short-term, 
unpublished data and lower doses found 
celecoxib superior to non-selective NSAIDs 
for ulcer complications. Observational studies 
are generally consistent with the short-term 
trials. However, recent meta-analyses found 
an increased risk of myocardial infarction with 
celecoxib compared with placebo (about 3.5 
myocardial infarction for every 1000 patients 
treated for one year), with much of the 
evidence for increased risk coming from two 
large polyp prevention trials. 


Gl and CV safety: Valdecoxib 


Fair: Fair quality meta-analyses 
of published and unpublished 
trials 


Compared to non-selective NSAIDs, 
valdecoxib was associated with one fewer 
upper Gl complication with valdecoxib for 
every 78 patients treated for 3 to 6 months. 
There was no association between valdecoxib 
and myocardial infarction in primarily short- 
term chronic pain trials. However, two short- 
term trials in a high-risk post-coronary artery 
surgery setting found that valdecoxib was 
associated with an acute two- to three-fold 
higher risk of cardiovascular events compared 
with placebo. 


Gl and CV safety: Etoricoxib 


Fair: Several fair quality meta- 
analyses of published and 
unpublished trials 


Gl safety: Etoricoxib was associated with 
fewer perforations, symptomatic ulcers, and 
bleeds than diclofenac, ibuprofen, and 
naproxen (rate/100 patient-years 1.00 vs. 
2.47). 

CV safety: Based on limited data from short- 
term trials, etoricoxib has a cardiovascular 
safety profile similar to non-selective NSAIDs, 
with the possible exception of naproxen. 


Gl and CV safety: Lumiracoxib 


Fair: One large, long-term trial 


Gl safety: In patients not taking low-dose 
aspirin, lumiracoxib was associated with a 
lower risk of ulcer complications compared to 
naproxen and ibuprofen (1-year incidence 
0.25% vs. 1.09%, pO.0001). 

CV safety: There were no differences in the 
risk of serious CV events (rates ranged from 
0.1 1% to 0.38% after 1 year). 


Gl and CV safety: Partially 
selective NSAIDs 


Gl safety: Fairfor meloxicam 
(short-term RCTs, meta- 
analyses, observational 
studies); poor for nabumetone 
and etodolac 

CV safety: Poor for all; two 
observational studies for 
meloxicam 


Gl safety: Meloxicam and non-selective i 
NSAIDs were generally associated with 
similar risks of serious Gl events; evidence 
was insufficient to make reliable judgments 
about Gl safety of nabumetone and etodolac 

CV safety: Very sparse evidence that 
meloxicam and non-selective NSAIDs were 
associated with similar risks of serious CV 
events, no eviaence ror nauumeione ana 
etodolac 


Gl and CV safety: Non- 
selective NSAIDs 


Good for Gl safety. Consistent 
evidence from many published 
trials, systematic reviews, and 
observational studies 


No clear difference in Gl safety between non- 
selective NSAIDs at commonly used doses. 
Naproxen was associated with a modest 
cardiovascular protective effect compared to 
other NSAIDs in a good-quality systematic 
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Key Question 


Level of Evidence 


Conclusion 




Fair for CV safety. No large, 
long-ierm comroneu uiaio. 
Almost all evidence from 
observational studies 


review of observational studies, but 

mpthnrlnlnniral i<;<;iip<; ronlri havp affected the 

Midi lUliUiuyi^ai loouco IjUU i kj i iavc ci 1 1 v^vv^ w vi iw 

results. 

Comparative CV safety of other non-aspirin 
NSAIDs is not clear. A large systematic 
review of RCTs addressing this issue has not 
vet been Dublished 


Gl and CV safety: Aspirin 


Fair. Many trials and systematic 
reviews, but almost exclusively 
in patients receiving aspirin at 
doses used for cardiovascular 
prophylaxis. 


Aspirin is associated with a lower risk of 
thromboembolic events and a higher risk of Gl 
bleeds when given in prophylactic doses. 
There is insufficient evidence to assess safety 
of aspirin in doses used for pain control 
compared with non-aspirin NSAIDs. 


Gl and CV safety: Salsalate 


Poor. Flawed observational 
data 


Qoleralato i*/ac accnriatoH with a Inu/pr rick of 
OdlSdldlc Wdo dbbUUIdlfcJU Willi d IUWCI llo^ Ul 

adverse events using broad composite 
endpoints in older, poor-quality observational 
studies. In a more recent observational study, 
salsalate had a similar rate of complications 
compared with other NSAIDs. Almost no data 
is available on CV safety. 


Mortality 


Fair. Individual trials not large 
enough to detect differences in 
mortality. One meta-analysis of 
celecoxib using unpublished 
information, and one fair-quality 
observational study of non- 
selective NSAIDs. 


no oinerence ueiween ceieouxiD ana nun- 
selective NSAIDs, but few deaths occurred. 
In one cohort study, nabumetone was 
associated with lower all-cause mortality 
compared with diclofenac and naproxen, but 
this finding has not been replicated. 


HTN, CHF, edema, and 
impaired renal function 


Fair. Multiple systematic 
reviews, clinical trials, and 
observational studies, but 
analyses limited by inconsistent 
reporting of results and probable 
publication bias 


All NSAIDs are associated with deleterious 
effects on blood pressure, edema, and renal 
function. Indirect evidence and observational 
data suggests that rofecoxib is associated 
with a greater risk of hypertension, CHF, and 
edema compared to celecoxib. Rofecoxib 

WdS dloU dooULIdlcU Willi (IIUIC \j<H Utui d idi 

events than celecoxib in three head-to-head 
trials of high-risk patients, but possible 
nonequivalent dosing limits interpretation of 
these results. No clear differences between 
celecoxib, partially selective, and non- 
selective NSAIDs. 


Hepatotoxicity 


Good. Systematic reviews of 
multiple trials and observational 
studies 


VjrliniUdiiy oiy l H HL>dl 11 McjJdlUUJAiwiy wag laic. 

Several NSAIDs associated with high rates of 
hepatotoxicity have been removed from the 
market. Among currently marketed NSAIDs, 
diclofenac was associated with a higher rate 
of liver-related discontinuations compared with 
placebo (2.17%). 


Tolerability 


Good for coxibs and non- 
selective inomius ^consisicm 
results from multiple systematic 
reviews): fair for partially 
selective NSAIDs, aspirin, and 
salsalate (few meta-analyses 
and short-term trials) 


Relative to non-selective NSAIDs, coxibs and 
nartiallv selective NSAIDs wpre at Ipa^t as 

well tolerated and aspirin was less tolerated; 
salsalate was less well tolerated than non- 
selective NSAIDs in 2 of 3 trials, but less toxic 
in flawed observational studies; no clear 
differences among coxibs or among non- 
selective NSAIDs 


Acetaminophen 


Good overall. Consistent results 
from multiple systematic reviews 
for efficacy and Gl adverse 
events. 

Poor for cardiovascular safety 


Acetaminophen is modestly inferior to NSAIDs 
for reducing pain and improving function. 
Acetaminophen is superior to NSAIDs for Gl 
side effects (clinical trials data) and Gl 
complications (observational studies). 
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Key Question 


Level of Evidence 


Conclusion 




(no evidence on myocardial 
infarctions) and fair for renal 
safety (observational studies) 


Mceiarninopncr i iridy uc abouuiaicu wim 
modest increases in blood pressure and renal 
dysfunction (observational studies). 
Acetaminophen does not appear to be 
associated with an increased risk of 
hepatotoxicity at therapeutic doses in patients 
without underlying liver disease. 


Glucosamine and chondroitin 


Fair. Inconsistent evidence from 
clinical trials. The most 
promising results have been 
obtained in trials funded by a 
European manufacturer of 
pharmaceutical grade 
glucosamine not approved in the 
U.S. 


A recent large, good-quality NIH-funded trial 
found that pharmaceutical grade glucosamine 
hydrochloride and chondroitin sulfate alone or 
in combination were not superior to placebo 
among all patients studied. In a small 
subgroup of patients with at least moderate 
baseline pain, there appeared to be a modest 
benefit for pain relief from the combination, 
but this did not appear to be a preplanned 
analysis. In older trials, many with some 
flaws, glucosamine was superior to oral 
NSAIDs and placebo in trials evaluating 
pharmaceutical grade glucosamine and 
funded by its manufacturer. Other trials found 
no difference between glucosamine and 
placebo or glucosamine and oral NSAIDs. 
Chondroitin was superior to placebo in older, 
flawed trials. Data on the effects of 
glucosamine on slowing progression of 
disease are limited to two trials showing 
beneficial effects on progression of knee joint 
narrowing. Glucosamine and chondroitin 
were consistently well tolerated, with no 
serious adverse events reported in the trials. 


1b. How do these benefits and 
harms change with dosage 
and duration of treatment, and 
what is the evidence that 
alternative dosage strategies, 
such as intermittent dosing 
and drug holidays, affect the 
benefits and harms of oral 
medication use? 


Good for safety (consistent 
evidence from multiple clinical 
trials and observational studies), 
no evidence for alternative 
dosage strategies. 


Risk of Gl bleeding increases with higher 
doses of non-selective NSAIDs. Effects of 
dose and duration are somewhat inconsistent. 
Celecoxib was most effective for Gi safety at 6 
months and not after longer follow-up in the 
CLASS trials. A trend towards a dose- 
dependent CV risk of celecoxib was observed 
in a long-term prevention trial. CV risk of 
rofecoxib became most apparent after 8 
months in VIGOR and after 18 months in the 
APPROVe prevention trial, but interpretation 
of earlier risk is imprecise because of small 
numbers of events. Most, but not all, 
observational studies suggest a dose- 
dependent effect of rofecoxib on Ml risk. 


2. Do the comparative 
benefits and harms of oral 
treatments for osteoarthritis 
vary for certain demographic 
and clinical subgroups? 






Demographic subgroups 
including age, sex, and race 


Good (age, sex) 
Poor (race) 


Most studies included a majority of women. 
The risks of Gl and CV events increase in 
older patients. The data that selective COX-2 
inhibitors are safe and efficacious in different 
racial groups have been presented to the 
FDA. In the peer-reviewed literature, there is 
no evidence that the comparative efficacy of 
different selective and non-selective NSAIDs 
varies according to age, gender, or race. 



90 



Key Question 


Level of Evidence 


Conclusion 


Pre-existing disease including 
history of previous bleeding due 
to NSAIDs or peptic ulcer 
disease; hypertension, edema, 
ischemic heart disease, and 
heart failure 


Previous bleeding: Good 
Hypertension, edema: Fair 
Ischemic Heart Disease: Poor 
(no comparative studies) 
Heart failure: Fair 


Risk of bleeding is higher in patients with prior 
bleeding or PUD. Two trials found high rates 
of recurrent ulcer bleeding in patients 
randomized either to celecoxib or a non- 
selective NSAID + PPI. Risk of CV and renal 
events is higher in patients with cardiac and 
renal co-morbidities. In a single observational 
study that examined mortality, rofecoxib and 
non-selective NSAIDs were associated with 
higher rates of death and recurrent heart 
failure than celecoxib. 


Concomitant anticoagulant use 


Fair overall: Primarily 
observational studies 


Concomitant use of anticoagulants and non- 
selective NSAIDs increase the risk of Gl 
bleeding three- to six-fold. Reliable 
conclusions about the safety of selective 
NSAIDs in the setting of anticoagulation could 
not be drawn from flawed observational 
studies, though there are case reports of 
serious bleeding events (primarily in the 
elderly). Warfarin plus aspirin (prophylactic 
doses) increased the risk of bleeding 
compared with warfarin alone in patients with 
indications for antithrombotic prophylaxis. 
Acetaminophen can increase INR levels, but 
effects on bleeding rates have not been 
studied. 


Concomitant aspirin use 


Good for Gl safety: Consistent 
evidence from clinical trials and 
observational studies 

Fair for CV safety: Subgroup 
analyses from few trials, few 
observational studies 


Concomitant use of aspirin appears to 
attenuate or eliminate the Gl benefits of 
selective NSAIDs. Concomitant low-dose 
aspirin increased the rate of endoscopic 
ulcers by about 6% in patients on celecoxib 
and those on non-selective NSAIDs in one 
meta-analysis. In one trial, rofecoxib plus low- 
dose aspirin and ibuprofen were associated 
with a similar risk of endoscopic ulcers (16- 
17%); both were significantly higher than 
placebo (6%) or aspirin alone (7%). Evidence 
regarding the effects of concomitant aspirin 
use on CV risk associated with selective or 
non-selective NSAIDs is limited, though three 
polyp prevention trials of rofecoxib or 
celecoxib found that concomitant aspirin use 
did not attenuate the observed increased risk 
of CV events. 


3. What are the comparative 
effects of co-prescribing of 
H2-antagonists, misoprostol, 
or proton pump inhibitors 
(PPIs) on the gastrointestinal 
harms associated with NSAID 
use? 


Good: Consistent evidence 
from good-quality systematic 
reviews and numerous clinical 
trials 


Co-prescribing of misoprostol or PPIs with 
NSAIDs offers some advantages over full- 
dose H2-antagonists. PPIs are associated 
with the lowest rates of endoscopically 
detected duodenal ulcers. Misoprostol and 
PPIs are associated with similar rates of 
endoscopically detected gastric ulcers as 
PPIs. While misoprostol offers the advantage 
of being the only gastroprotective agent to 
reouce rates or clinical oi events, it is also 
associated with an increased risk of Gl-related 
adverse event withdrawals. Full-dose H2 
blockers were associated with lower ulcer risk 
than placebo, but head-to-head trials against 
PPIs and misoprostol are lacking. Endoscopic 
duodenal ulcer risk for standard dose H2 
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Key Question 


Level of Evidence 


Conclusion 






blockers was lower than placebo, similar to 
misoprostol, and higher than omeprazole; 
standard dosages of H2 blockers and placebo 
were associated wnn similar gasinc uicer nsK 


4. What are the comparative 
benefits and harms of treating 
osteoarthritis with oral 
medications as compared 
with topical preparations? 






Topical NSAIDs: efficacy 


Good: Consistent evidence for 
selected topical NSAIDs from 
clinical trials 


Topical NSAIDs are similar to oral NSAIDs for 
efficacy. Topical diclofenac is the best 
studied, though many trials evaluated a 
formulation using a DMSO carrier that is not 
available in the U.S. Topical ibuprofen was 
superior to placebo in several trials. 


Topical NSAIDs: safety 


Good: Consistent evidence 
from trials and systematic 
reviews and observational 
studies 


Topical NSAIDs are associated with increased 
local adverse events compared with oral 
NSAIDs. Total adverse events and 
withdrawal due to adverse events are similar. 
Topical NSAIDs are superior for Gl events, 
including severe events, and changes in 
hemoglobin (data from one good-quality trial). 


Topical salicylates: (including 
capsaicin) 


Fair: Only placebo-controlled 
trials, many of which were 
flawed 


Topical salicylates were no better than 
placebo in higher-quality trials. Topical 
capsaicin was superior to placebo (NNT 8.1), 
but associated with increased local adverse 
events and withdrawals due to adverse 
events. 



Discussion 



This report provides a comprehensive summary of the comparative efficacy and safety of 
oral nonsteroidal anti-inflammatory drugs (NSAIDs) (selective, non-selective, aspirin, and 
salsalate), acetaminophen, certain over-the-counter supplements (chondroitin and glucosamine), 
and topical agents (NSAIDs and rubefacients, including capsaicin) that are commonly used for 
pain control and improvement of functional status in patients with osteoarthritis. At this time, no 
drug or supplement is known to modify the course of disease, though initial long-term trials of 
pharmaceutical grade glucosamine suggest an effect on radiologic evidence for disease 
progression. 

Evidence regarding the benefits of oral NSAIDs from primarily short-term randomized 
controlled trials is abundant and demonstrates no clear, consistent differences for relieving pain 
or other osteoarthritis-related symptoms, or for superior tolerability. On the other hand, much of 
the uncertainty and confusion regarding NSAIDs centers on their comparative safety. 

The trade-offs between reduced GI risk and increased CV harms was first clearly observed in 
VIGOR. In this trial, rofecoxib 50 mg daily significantly reduced symptomatic ulcers (NNT=62) 
and serious ulcer complications (NNT=I91) compared with naproxen in patients with 
rheumatoid arthritis. 19 However, the Gl-protective effects were accompanied by a more than 
four-fold increase in myocardial infarctions, or one additional myocardial infarction for every 
333 patients treated with rofecoxib. When considering all "serious" adverse events, moreover, 
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rofecoxib was not associated with any clear benefit compared with naproxen. 

Rofecoxib became the focus of intense scrutiny following publication of VIGOR. 
Subsequently, multiple observational studies 138 " 141, 143 " 1:>2 and systematic reviews 124, 129 of RCTs 
have reported findings largely consistent with an increased risk of cardiovascular events with 
exposure to rofecoxib. Rofecoxib was voluntarily withdrawn from the market in 2004, after a 
long-term placebo-controlled polyp prevention trial reported increased cardiovascular risk. 132 
Valdecoxib was likewise voluntarily withdrawn from the market in 2005. Withdrawal was 
recommended by FDA based on their conclusion that valdecoxib associated with no clear GI 
benefit, 117 an increased risk of serious skin reactions, 168 and potential increased risk of CV 
events. 165, 166 As a result, celecoxib is the only selective NSAID currently available in the U.S. 

The same concerns about the overall safety of rofecoxib have been directed at celecoxib. 
The evidence regarding the relative GI and CV safety of celecoxib, however, is less clear. In 
CLASS, the largest published study of GI complications, celecoxib was not significantly 
different than diclofenac or ibuprofen for either ulcer complications or myocardial infarctions by 
the end of follow-up. 94 Like the VIGOR trial, re-analysis of all serious adverse events in CLASS 
found no significant advantage for celecoxib. 94 On the other hand, systematic reviews and other 
meta-analyses of primarily short-term and frequently unpublished data found that celecoxib 
(primarily at lower doses than were used in CLASS) was associated with lower rates of ulcer 
complications than non-selective NSAIDs. 62, 121 These findings, in combination with earlier 
systematic reviews of primarily short-term trials that found no increased cardiovascular risk with 
celecoxib, suggested a possible advantage of celecoxib over non-selective NSAIDs. 5 
More recent meta-analyses (including data from long-term polyp prevention trials) reporting an 
increased risk of myocardial infarctions with celecoxib (particularly at high doses) relative to 
placebo, however, raise additional questions about its appropriate use. 129 ' 36 

Well-designed, long-term observational studies could provide 'real- world 5 information not 
available from most RCTs, which are usually designed as short-term efficacy trials that evaluate 
selected populations and employ rigid dosing regimens (often at high doses) under carefully 
controlled conditions. Observational studies are generally consistent with the RCTs in that 
celecoxib is consistently GI protective 139, 162 or neutral 138 and not associated with higher risks of 
CV events relative to non-selective NSAIDs. 144, ,45 ' 150 ' 160 Additionally, celecoxib is associated 
with lower risks of serious GI events than rofecoxib. 139, 142 Evidence from observational studies 
is less clear with regard to how celecoxibcompares to rofecoxib in terms of CV risk due to 
differences in outcome reporting and in the number and type of factors adjusted for in outcome 
analyses. 

An important drawback of the observational studies, however, is that they largely focus on 
individual adverse events in isolation. More informative analyses of the overall trade-off 
between risks and benefits would consider net harms from all serious adverse events. Our re- 
analysis of results from three studies 139, 147, 163 reporting myocardial infarctions, heart failure 
hospitalizations, and gastrointestinal bleeding in an elderly Canadian population receiving 
multiple prescriptions suggests that in everyday use, celecoxib may confer net advantages in 
terms of the number of these events compared with rofecoxib and non-selective NSAIDs. 
However, additional studies on original data are needed to confirm this finding in other settings. 

The cardiovascular effects of naproxen and other non-selective NSAIDs have been the 
subject of considerable debate since the publication of the VIGOR trial. At this time, among 
NSAIDs with sufficient evidence to assess cardiovascular risk, naproxen appears to offer the 
most favorable cardiovascular safety profile. In a recent, comprehensive systematic review, 
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naproxen (even at high doses) was moderately superior to COX-2 inhibitors for cardiovascular 
safety. 129 In addition, naproxen was the only NSAID (selective or non-selective) associated with 
a neutral cardiovascular effect relative to placebo, though these analyses were primarily based on 
indirect comparisons. The cardiovascular risks of non-naproxen, non-selective NSAIDs were 
similar to the selective COX-2 inhibitors, though most of the evidence was limited to high-dose 
ibuprofen and diclofenac. At this time, there is insufficient evidence to reliably judge the relative 
cardiovascular safety of other non-selective NSAIDs or the partially selective drugs nabumetone, 
diclofenac, and meloxicam. For GI safety, no clear advantage for any particular partially 
selective or non-selective NSAIDs has been demonstrated. 

Topical NSAIDs may offer the advantages of local analgesic and anti-inflammatory effects 
without the systemic side effects of oral administration. They would probably be most useful in 
patients with a limited number of affected joints. Although topical NSAIDs appear comparable 
to oral NSAIDs for pain relief in several trials, the most convincing evidence comes from a 
recent trial that evaluated a proprietary formulation of diclofenac with DMSO that has not been 
FDA-approved. 338 Topical NSAIDs appear safer than oral NSAIDs for GI safety, but data on 
comparative cardiovascular risks are not available. The relative benefits of topical rubefacients 
compared with topical or oral NSAIDs has not been adequately studied, and other than for 
capsaicin (which is sometimes classified separately from the rubefacients), there is insufficient 
evidence to prove that topical rubefacients are superior to placebo for osteoarthritis. 

Acetaminophen is often considered an attractive alternative to NSAIDs because of its 
perceived safety profile. It was associated with Gl-protective effects relative to non-selective 
NSAIDs, 229 ' 231 though at the expense of modestly inferior efficacy. 234 More evidence is needed 
to compare the effects of acetaminophen and NSAIDs on other important adverse events such as 
cardiovascular safety, renal dysfunction, blood pressure, and heart failure. However, one recent 
observational study found that heavy use of acetaminophen is associated with increased 
cardiovascular risks similar to that seen with NSAIDs.^ 7 Aspirin is another alternative that has 
the advantage of a cardiovascular protective effect. However, nearly all of the evidence on 
cardiovascular and GI safety of aspirin is from trials using lower, preventative doses rather than 
higher anti-inflammatory and analgesic doses. 

Glucosamine and chondroitin are widely available as over-the-counter supplements. The 
highly variable content of currently available products, however, remains a significant issue in 
the U.S. Further, nearly all of the trials demonstrating benefits of glucosamine have been 
conducted using pharmaceutical grade preparations not currently available in the U.S. 248 
Compared with the evidence for glucosamine, the evidence for chondroitin appears less 
promising. While these agents appear to be safe in the short term, high-quality, long-term safety 
data are sparse. A recent large, NIH-sponsored trial helps clarify the role of these supplements in 
management of osteoarthritis. 259 It found that the combination of pharmaceutical grade 
glucosamine and chondroitin was modestly superior to placebo only in an analysis of a small 
subgroup of patients with at least moderate severity of baseline disease. Neither glucosamine 
nor chondroitin alone was superior to placebo overall or in the subgroup of patients with greater 
baseline severity. Data on effects of glucosamine on osteoarthritis progression are limited to two 
trials showing a beneficial effect on knee joint space narrowing over three years using a 
pharmaceutical grade preparation. 

Strategies to reduce the risk of GI complications in patients taking NSAIDs include co- 
prescription of misoprostol, standard- or double-dose H2 blockers, or PPIs. All of these 
strategies are effective in reducing the risk of NSAID-associated endoscopic gastric and 
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duodenal ulcers relative to use of non-selective NSAIDs alone. Misoprostol (RR 0.36, 95% CI 
0.20 to 0.67) and PPIs (RR 0.09, 95% CI 0.02 to 0.47) also reduced NSAID-associated 
symptomatic ulcers. 293 Further, misoprostol is the only agent proven to decrease risk of clinical 
GI events, but is associated with an increased risk of withdrawals due to nausea, diarrhea, and/or 
abdominal pain. 317 In high-risk patients (those with a recent bleed), non-selective NSAIDs and 
the combination of a non-selective NSAID plus a PPI were both associated with similar, high 
rates of recurrent bleeding. 270, 271 

In summary, each of the analgesics evaluated in this report was associated with a unique set 
of risks and benefits. The role of selective and non-selective oral NSAIDs and alternative agents 
will continue to evolve as additional information emerges. At this time, although the amount and 
quality of evidence varies, no currently available analgesic reviewed in this report offers a clear 
overall advantage compared with the others, which is not surprising given the complex trade-offs 
between the many benefits (pain relief, improved function, improved tolerability, and others) and 
harms (cardiovascular, renal, GI. and others) involved. In addition, individuals are likely to 
differ in how they prioritize the importance of the various benefits and harms of treatment. 
Adequate pain relief at the expense of a small increase in CV risk, for example, could be an 
acceptable trade-off for many patients. Others may consider even a marginal increase in CV risk 
unacceptable. Factors that should be considered when weighing the potential effects of an 
analgesic include age (older age being associated with increased risks for bleeding and 
cardiovascular events), co-morbid conditions, and concomitant medication use (such as aspirin 
and anticoagulation). As in other medical decisions, choosing the optimal analgesic for an 
individual with osteoarthritis should always involve careful consideration and thorough 
discussion of the relevant trade-offs. 
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Chapter 5. Future Research 



Nearly all of the clinical trials reviewed in this report were "efficacy 55 trials conducted in 
ideal settings and selected populations. "Pragmatic" trials that allow flexible dosing or 
medication switches and other clinical trials of effectiveness would be very valuable for 
learning the outcomes of different analgesic interventions in real-world settings. 

The cardiovascular safety of non-selective NSAIDs has not been adequately assessed in 
large, long-term clinical trials. Naproxen in particular may have a different 
cardiovascular safety profile than other NSAIDs and should be investigated in long-term, 
appropriately powered trials. The cardiovascular risks associated with the partially 
selective NSAIDs meloxicam, nabumetone, and diclofenac also have not been well 
studied. 

Large observational studies assessing the safety of NSAIDs have been helpful for 
assessing comparative benefits and harms, but have generally had a narrow focus on 
single adverse events. Observational studies that take a broader view of all serious 
adverse events would be substantially more helpful for assessing the overall trade-offs 
between benefits and harms. 

The cardiovascular risks and GI benefits associated with different COX-2 selective 
NSAIDs may vary. Large, long-term trials with active and placebo-controlled arms 
would be needed to assess the safety and benefits of any new COX-2 selective analgesic. 

Meta-analyses of the risks associated with selective COX-2 inhibitors need to better 
assess for the effects of dose and duration, as most of the cardiovascular risks have only 
occurred with prolonged use and at higher doses. 

Large, long-term trials of the GI and cardiovascular safety associated with full-dose 
aspirin, salsalate, or acetaminophen compared with non-aspirin NSAIDs or placebo are 
lacking. 

Given the large number of patients who meet criteria for aspirin prophylaxis for 
cardiovascular events, more trials evaluating the effects of low-dose aspirin on GI and 
CV risks are needed. 

Trials and observational studies evaluating comparative safety or efficacy should be 
sufficiently inclusive to evaluate whether effects differ by race or gender. 

Genetic testing could theoretical ly°help predict patients who are at higher risk of 
cardiovascular complications from selective COX-2 inhibitors because of differences in 
the COX-2 gene promoter or other genes. This is a promising area of future research. 
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• The effects of alternative dosing strategies such as intermittent dosing or drug holidays 
have not been assessed. Studies evaluating the benefits and risks associated with such 
strategies compared with conventional dosing could help clarify the effects of these 
alternative dosing strategies. In addition, although there is speculation that once daily 
versus twice daily dosing of certain COX-2 inhibitors could affect CV risk, this 
hypothesis has not yet been tested in a clinical trial. 

• Most trials showing therapeutic benefits from glucosamine were conducted using 
pharmaceutical grade glucosamine not available in the U.S. and may not be applicable to 
currently available over-the-counter preparations. Large trials comparing currently- 
available over-the-counter preparations to oral NSAIDs are needed, as these are likely to 
remain available even if the FDA approves a pharmaceutical grade glucosamine. 
Additional long-term trials are also required to further evaluate effects of glucosamine on 
progression of joint space narrowing. 

• No topical NSAIDs are FDA-approved in the U.S., yet compounding of NSAIDs is 
widely available. Although recent trials of topical NSAIDs are promising, most have 
been conducted using a proprietary formulation of diclofenac with DMSO. A UK trial of 
topical versus oral ibuprofen is currently in progress and will help clarify the benefits and 
safety of topical versus oral NSAIDs. However, cohort studies using large observational 
databases may be required to adequately assess cardiovascular risk. 
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Addendum 



As this report was going to press, twojelevant meta-analyses on risks associated with 
NSAIDs were published. We were unable to fully incorporate these studies into our report, but 
their results generally appear consistent with our conclusions. 

One meta-analysis evaluated risk of renal events (peripheral edema, hypertension, or renal 
dysfunction) and arrhythmias from 1 14 randomized trials of COX-2 selective NSAIDs [Zhang J, 
Ding EL, Song Y. Adverse effects of cyclooxygenase 2 inhibitors on renal and arrhythmia 
events. Meta-analysis of randomized trials. JAMA. 

2006;296:(doi:10.1001/jama.296.13.jrv6001)]. It was rated fair-quality because it did not assess 
the quality of included studies. It found rofecoxib associated with increased risks of arrhythmia 
relative to control (placebo, other NSAID, or mixed/other) treatments (RR 2.90, 95% CI 1.07 to 
7.88), though the number and rate of events was low (13/10126 or 0.1% in the rofecoxib arms, 
with 10 of the events ventricular fibrillation, cardiac arrest, or sudden cardiac death). The 
increase in risk was equivalent to about 1.1 additional arrhythmia events per 1000 patients 
treated with rofecoxib. Rofecoxib was also associated with an increased risk of peripheral 
edema (RR 1.43, 95% CI 1.23 to 1.66), hypertension (RR 1.55, 95% CI 1.29 to 1.85) and renal 
dysfunction (RR 2.31, 95% CI 1.05 to 5.07). For composite renal events (peripheral edema, 
hypertension, or renal dysfunction), risks were significantly higher with increased dose and 
increased duration of rofecoxib. Celecoxib was associated with lower risks of renal dysfunction 
(RR 0.61, 95% CI 0.40 to 0.94) and hypertension (RR 0.83, 95% CI 0.71 to 0.97) than control 
treatments, though there was no difference for composite renal events (RR 0.97, 95% CI 0.84 to 
1 . 12) or arrhythmia (RR 0.84, 95% CI 0.45 to 1 .57). There was no clear association between 
other COX-2 inhibitors (valdecoxib/parecoxib, etoricoxib, or lumiracoxib) and arrhythmia or 
renal events, though there was a trend towards increased renal events with valdecoxib/parecoxib 
(RR 1.24, 95% CI 1.00 to 1.55), and no arrhythmia events were reported in six trials of 
lumiracoxib. 

Several factors complicate interpretation of estimates of arrhythmia risk from this meta- 
analysis. First, the rate of arrhythmias varied widely between control arms for different COX-2 
selective inhibitors. For example, the rate of arrhythmias was fourteen-fold higher in the control 
arms of the celecoxib trials compared to the control arms of the rofecoxib trials (18/6568 or 0.3% 
vs. 2/10,126 or 0.01%). In addition, the proportion of specific arrhythmia events varied widely 
between drugs. For valdecoxib, over half (69/129 or 53%) of the arrhythmia events were atrial 
fibrillation, compared to 14% (3/22) for celecoxib and 8% (1/13) for rofecoxib. Finally, even 
though funnel plots and statistical tests did not suggest the presence of publication bias, only a 
minority of trials reported usable data on arrhythmia events. For example, only 10 of 37 
included trials of celecoxib (accounting for about one-third of trial participants) had data that 
could be used in the analysis of arrhythmia events. 

The second meta-analysis evaluated cardiovascular risk (primarily myocardial infarction) 
associated with NSAIDs from 23 observational studies (mostly of older populations) 
[McGettigan P, Henry D. Cardiovascular risk and inhibition of cyclooxygenase. A systematic 
review of the observational studies of selective and nonselective inhibitors of cyclooxygenase 2. 
JAMA. 2006;296:(doi:10.1001/jama.292.13.jrv6001 1)]. Its results are largely consistent with our 
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qualitative assessment of cardiovascular risk from the observational literature. This meta- 
analysis appears to meet criteria for a good-quality systematic review, but its interpretation is 
complicated by the presence of substantial (p<=0.00l), unexplained between-study heterogeneity 
for the main pooled analyses. It found rofecoxib associated with an increased risk of 
cardiovascular events at both lower (25 mg/day or less, RR 1.33, 95% CI 1.00 to 1.79) and 
higher (>25 mg/day, RR 2.19, 95% CI 1.64 to 2.91) doses, with the increased risk observable 
during the first month of treatment. Of the other NSAIDs, diclofenac (RR 1.40, 95% CI 1 . 16 to 
1.70) was associated with the greatest cardiovascular risk, followed by indomethacin (RR 1.30, 
95% CI 1 .07 to 1 .60) and meloxicam (RR 1 .25, 95% CI 1 .00 to 1.55). Celecoxib (RR 1 .06, 95% 
CI 0.91 to 1.23), naproxen (RR 0.97, 95% CI 0.87 to 1.07), piroxicam (RR 1.06, 95% CI 0.70 to 
1.59), and ibuprofen (RR 1.07, 95% CI 0.97 to 1.18) were not associated with increased risks. 
Only 3 of the 23 included studies reported adjusting for over-the-counter aspirin or NSAID use; 
two other studies included patients shortly after myocardial infarction that were all prescribed or 
presumed to be on aspirin. 
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in arthritis patients as they differ from the 
general population in many aspects. 
Changes in body mass composition, 
changes in lipid profile associated with 
medication use (eg, glucocorticoids), and 
activity limitations resulting from chronic 
joint disease may all play a role in 
increased CVD risk. 18,19 Some investiga- 
tors believe that vascular inflammation 
associated with increased levels of thiol 
compounds and C-reactive protein, as well 
as peroxidization of low-density lipopro- 
tein, may play a significant role in CVD 
pathogenesis in patients with arthritis. 18,20 
Medications taken for arthritis-related 
conditions have also been implicated for 
either directly or indirectly leading to ath- 
erosclerosis. 18 21,22 The most commonly 
implicated drugs are glucocorticoids 
(chiefly, prednisone), which can increase 
serum lipids and glucose levels and induce 
hypertension. 23 Methotrexate, another 
commonly prescribed arthritis medica- 
tion, has been shown to increase serum 
homocysteine levels. 23,24 

Although national estimates of OA and 
RA prevalence have been reported, 1,3,4 to 
the best of our knowledge the prevalence 
of CVD risk factors among such people has 
not been estimated to date. To this end, 
the government-sponsored database on 
the health status of the US population — 
the Third National Health and Nutrition 
Examination Survey (NHANES III)— was 
used to develop national estimates of the 
prevalence of selected cardiovascular 
risk factors among adult patients with 
self-reported OA and a nonarthritic US 
adult population. 



•MATERIALS AND METHODS- - 

Data Source 

We estimated the prevalence of selected 
CVD risk factors among US adults aged 
>35 years by diagnosis, gender, and age 
category (35-44, 45-64, and 65+ years) 
using survey data from NHANES III. 25 

NHANES is one of the major programs 
in the series of health-related studies con- 
ducted by the National Center for Health 
Statistics, part of the US Centers for 



Disease Control and Prevention, over the 
past 35 years. NHANES is designed to 
assess the health and nutritional status of 
adults and children in the United States 
through interviews and direct physical 
examinations. The survey is unique in 
that it combines a home interview with 
physical examinations and a variety of 
diagnostic and laboratory tests conducted 
in a mobile examination center. NHANES 
III, which was conducted from 1988 to 
1994, included approximately 40 000 
people aged >2 months selected from 
households in 81 counties across the 50 
US states. Using a complex, stratified, 
multistage probability cluster sampling 
design (with oversampling of young chil- 
dren, older people, blacks, and Mexican 
Americans), the survey yields nationally 
representative information on the health 
and nutritional status of the civilian, non- 
institutionalized US population. Physical 
examinations and objective measures are 
employed when information cannot be 
furnished or is not available in a standard- 
ized manner through interviews or 
through records maintained by the health 
professionals who provide medical care to 
survey respondents. 25 ' 27 

The 4 data files representing the major 
components of NHANES III are adult 
household, examination, laboratory, and 
dietary recall; more than 5000 data ele- 
ments are collected. One section of the 
household adult questionnaire asks 
respondents to note whether a physician 
has told them that they have OA or RA, 
and when they were first told that they had 
the condition. Other sections of the ques- 
tionnaire focus on diabetes, high blood 
pressure, CVD, musculoskeletal condi- 
tions, gallbladder disease, kidney condi- 
tions, respiratory and allergy conditions, 
vision and hearing, and dental care. 
Histories of smoking and chewing tobacco 
use are recorded on both the home adult 
questionnaire and examination question- 
naire, while history of alcohol use is asked 
on the examination questionnaire. Other 
NHANES sections pertain to exercise, nutri- 
tion assessment, medicine/vitamin use, bio- 
chemistry values, and physical exam 
results. Biochemistry' data collected con- 
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sist of hematologic tests, general biochem- 
istry tests, urine tests, antibody tests, and 
diabetes testing profile. The physical exam 
consists of a physician's exam, dental 
examination, allergy skin test, audiome- 
try, spirometry, bone densitometry, gall- 
bladder ultrasonography, and fundus 
photography. 25,26 

GVD risk factors examined in this 
study, as derived from the Household 
Adult Questionnaire (HAQ) and 
Laboratory Data File components of the 
NHANES III database, include systolic 
blood pressure (SBP) and diastolic blood 
pressure (DBP), total and high-density 
lipoprotein (HDL) cholesterol, physician- 
diagnosed diabetes mellitus, renal impair- 
ment or failure based on serum creatinine 
levels, and current cigarette smoking. 
Arthritis status was derived from the 
arthritis section of the HAQ as described 
above. Smoking status was derived from 
the question, "Do you smoke cigarettes 
now?" Diabetes mellitus status was derived 
from questions asking respondents 
whether a doctor had ever told them that 
they have diabetes. All other risk factor 
data were obtained from the NHANES III 
Laboratory Data File. Hypertension as a 
CVD risk factor was defined as SBP 
>140 mm Hg or DBP >90 mm Hg, as 
defined by current National Institutes of 
Health Sixth Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNG VI) guidelines. 28 Renal 
impairment and failure were defined 
respectively as serum creatinine levels 
exceeding the upper limit and twice the 
upper limit of normal (ie, >1.5 mg/dL and 
>3 mg/dL, respectively), which reflects the 
methods of the Massachusetts General 
Hospital. 29 

Statistical Analyses 

Prevalence (stated as percentages) and 
associated 95% confidence intervals (GIs) 
were estimated for each CVD risk factor 
among an OA and a nonarthritic popula- 
tion. Gender- and age-stratified preva- 
lence rates were also estimated for each 
population. SUDAAN® statistical analysis 
software (Research Triangle Institute, 



Research Triangle Park, NC) in conjunc- 
tion with Statistical Analysis System 
(SAS) Release 8.02 (SAS Institute, Can', 
NC) were used for these analyses. 
SUDAAN is specifically designed for analy- 
sis of cluster-correlated data from surveys 
such as NHANES III that involve multi- 
stage sample designs. Robust variance 
estimates are generated that account for 
intracluster correlation, unequal weight- 
ing, stratification, and without-replace- 
ment sampling. To provide estimates that 
were representative of the US population, 
analyses of each data element incorporat- 
ed sampling weights obtained from the 
NHANES III database. These weights 
account for the unequal probabilities of 
selection resulting from the cluster design, 
the planned oversampling of certain 
demographic subgroups, and nonresponse 
adjustment factors based on US Census 
Bureau data on age, gender, race, income, 
and geographic location of the US popula- 
tion. 262 ' Since our investigation focused 
on interval estimation rather than on 
hypothesis testing, no tests of statistical 
significance were undertaken. 



•RESULTS - ■ 

Prevalence Estimates 

Osteoarthritis. Of the 115.9 million US 
adults aged >35 years, 24.3 million (21%) 
have OA (95% CI, 22.1 million-26.6 mil- 
lion) (Table 1). Nearly two thirds of these 
people are women. Prevalence rates of OA 
increase with age in both genders. 
However, the ratio of females to males with 
OA increases with advancing age, from 
1.32:1 among people aged 35 to 44 years to 
1.88:1 among people aged >65 years. 

Table 1 also shows that the nonarthrit- 
ic population is considerably younger than 
the OA population. Over 47% of OA 
patients are older than 65 years, com- 
pared with only 19% of those in the 
nonarthritic population. In addition, there 
were gender differences between the arthri- 
tis and nonarthritic populations; nearly 
63% of the OA population was comprised 
of women, compared with only 49.9% of 
the general nonarthritic population. 
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Table 1. Estimated Numbers of US Adults Aged >35 Years With Osteoarthritis, by Gender and Age 



Gender and Age (Years) 


Osteoarthritis 
Percentage of People (95% CI) 


General Population Without Arthritis 
Percentage of People (95% CI) 


All /nl 

All (nj 


24 345 370 


(22 1 10 212-26 580 528) 


85 800 540 


(78 999 986-92 601 110) 


35-44 


13.30 


(1 1.79-14.56) 


41 .41 


(40.18-42.47) 


A C f 4 


39.49 


(39.26-39.68) 


39.59 


(39.74-39.46) 


65+ 


47.21 


(45.01-49.04) 


18.99 


(17.85-19.97) 


Men (n) 


9 015 680 


(7 074 507-10 156 773) 


42 986 882 


(39 689 389-46 284 375) 


35-44 


15.51 


(12.70-17.69) 


40.13 


(38.36-41.65) 


45-64 


40.23 


(38.75-41.30) 


41.17 


(41.02-41.30) 


65+ 


44.26 


(42.54-45.59) 


18.70 


(17.63-19.62) 


Women (n) 


15 329 690 


(13 824 691-16 834 689) 


42 813 666 


(38 878 456-46 748 876) 


35-44 


12.00 


(9.99-13.66) 


42.70 


(41.43-43.77) 


45-64 


39.05 


(37.58-40.26) 


38.01 


(37.44-38.48) 


65+ 


48.95 


(46.67-50.82) 


19.29 


(17.81-20.52) 



CI indicates confidence interval. 



Hypertension. Approximately 40% 
(95% CI, 35.3-45.5) of people with OA 
have Stage I -1 1 1 hypertension as defined 
by the JNG VI guidelines (Table 2). 2S By 
comparison, only about 25% (95% CI. 
23.0-27.6) of the general population with- 
out arthritis was estimated to have hyper- 
tension. Prevalence of hypertension is 
slightly higher among men than women, 
and, as epidemiologic data suggest, higher 
among people aged >65 years versus 
younger people. 

Cigarette Smoking. Approximately 
20% (95% CI, 17.6-23.1) of OA patients are 
current cigarette smokers (Table 2). The 
crude rates in this analysis are slightly 
lower than that for the general population 
without arthritis, wherein about 26% (95% 
CI, 23.6-28.4) are smokers. 

Diabetes Mellitus. Approximately 11% 
(95% CI, 9.2-12.9) of people with OA 
have diabetes mellitus (Table 2). By com- 
parison, only about 6% (95% CI, 5.6-7.3) of 
the general population without arthritis is 
diabetic. When stratifying by gender, this 
analysis suggests that female OA patients 
were more likely to have diabetes mellitus 
than a nonarthritic population. Prevalence 
of diabetes is slightly higher among 



women than men, and, as epidemiologic 
data suggest, higher among older people. 

Hypercholesterolemia. Approximately 
32%* (95% CI, 27.1-36.2) of people with 
OA have high total cholesterol levels (ie, 
>240 mg/dL) (Table 2). About 24% (95% 
CI, 21.4%-26.0%) of the general population 
without arthritis has high total cholesterol 
levels. Prevalence of high total cholesterol 
is slightly greater among women than 
men, and has a marked increase among 
people aged 45 years and older. 

Low HDL Cholesterol. The prevalence 
of low HDL cholesterol (< 35 mg/dL) is 
similar, approximately 13% (95% CI, 10.8- 
16.1) in people with OA and 12% (95% CI, 
10.4-13.2) in the general population with- 
out arthritis (Table 2). Prevalence of low 
HDL cholesterol is substantially higher 
among men than women, but there is little 
differentiation among the age categories. 

Renal Impairment and Failure. 
Approximately 37% (95% CI, 31.6-41.5) of 
people with OA have renal impairment, 
manifested as serum creatinine levels 
exceeding the upper normal limit of 1.5 
mg/dL (Table 2). Moreover, approximately 
0.8% (95% CI, 0.4-1.3) of people with OA 
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have renal failure, defined as serum crea- 
tinine levels exceeding twice the upper 
normal limit (ie, >3.0 mg/dL). By compar- 
ison, it is estimated that only about 27% 
(95% CI, 23.8-30.3) of the general popula- 
tion without arthritis have renal impair- 
ment, and only 0.3% (95% CI, 0.2-0.4) 
have renal failure. 



-DISCUSSION- 

Patient-level examination data from the 
NHANES III have been used to estimate 
the prevalence of selected CVD risk fac- 
tors among US adults with OA. Other 
studies assessing the prevalence of arthri- 
tis in the United States have been con- 
ducted, but the prevalence of traditional 
risk factors for CVD among arthritis 
patients has not been well quantified to 
date. 

Estimates suggest that approximately 
24.3 million US adults aged >35 years 
have OA, and that nearly two thirds of 
these people are women. These estimates 
are consistent with what has been report- 
ed elsewhere/' 

Findings suggest that US adults with OA 
indeed may be at an increased risk of CVD 
relative to the nonarthritic population. 
For each of the risk, factors examined, 
except cigarette smoking, point estimates 
of prevalence among OA patients exceed- 
ed those of the general population. 
While tests of statistical significance were 
not performed, it was observed that the 
difference in risk factor prevalence ver- 
sus the general population is not statis- 
tically significant at the "conventional" 
a = 0.05 level. 

Our findings suggest that the preva- 
lence of hypertension is significantly 
greater among OA patients versus patients 
without arthritis. Gabriel and colleagues 6 
found the prevalence of diabetes to be 
5.0% among 441 OA patients. The esti- 
mates from this study at 11% are consid- 
erably higher. This difference could be 
related to a different population sampling 
in the 2 studies. 

Reports on total cholesterol levels 
among patients with arthritis are scant 



Table 2. Estimated Prevalence of CVD Risk Factors Among US 
Adults Aged >35 Years With and Without Osteoarthritis 



Cardiovascular Dise; 
Risk Factors, Stratific 
by Gender and Age 
(Years) 


lse 


Prevalence, % (95% CI) 




>d 

Osteoarthritis 
(n = 24 345 370) 


General Population 
Without Arthritis 
(n= 115 861 005) 


Hypertension (Stage Mil, 








JNC VI Guidelines*) 










All 


40% 


(35.3-45.5) 


25% 


(23.0-27.6) 


35-44 


1 4% 


(7.5-19.7) 


1 1% 


(9.3-13.1 ) 


45-64 


32% 


(26.4-37.3) 


28% 


(24.6-31.5) 


65+ 


55% 


(46.8-63.5) 


50% 


(42.9-57.8) 


Men 


41% 


(33.4-47.7) 


28% 


(25.1-31.0) 


35-44 


20% 


(6.8-33.1) 


14% 


(11.1-17.7) 


45-64 


33% 


(22.1-43.5) 


32% 


(27.4-36.7) 


65+ 


55% 


(45.5-64.2) 


49% 


(41.2-56.0) 


Women 


40% 


(34.9-45.7) 


23% 


(19.8-25.4) 


35-44 


9% 


(2.8-14.8) 


8% 


(6.1-10.3) 


45-64 


31% 


(25.1-37.3) 


24% 


(20.2-27.2) 


65+ 


55% 


(45.7-64.8) 


52% 


(41.8-62.6) 


Cigarette Smoking 










All 


20% 


(17.6-23.1) 


26% 


(23.6-28.4) 


35-44 


25% 


(16.1-34.5) 


31% 


(27.2-34.8) 


45-64 


31% 


(26.1-35.9) 


26% 


(22.6-29.3) 


65+ 


10% 


(8.1-12.2) 


15% 


(12.3-1 7.8) 


Men 


25% 


(19.5-29.9) 


30% 


(26.9-33.2) 


35-44 


34% 


(13.5-54.2) 


36% 


(30.7-42.3) 


45-64 


35% 


(24.6-44.7) 


29% 


(24.5-34.2) 


65+ 


12% 


(8.2-16.6) 


18% 


(13.4-22.1) 


Women 


18% 


(15.2-20.5) 


22% 


(19.1-24.7) 


35-44 


19% 


(11.1-26.4) 


26% 


(21.4-30.4) 


45-64 


29% 


(23.0-34.5) 


22% 


(18.2-26.2) 


65+ 


9% 


(6.4-11.5) 


1 2% 


(9.9-14.8) 


Diabetes Mellitus 










All 


11% 


(9.2-12.9) 


6% 


(5.6-7.3) 


35-44 


4% 


(0.7-7.2) 


4% 


(2.3-5.1) 


45-64 


11% 


(7.3-13.8) 


7% 


^ (5.8-8.3) 


65 + 


13% 


(11.0-15.9) 


11% 


(9.0-12.8) 


Men 


10% 


(7.3-12.3) 


7% 


(5.4-7.7) 


35-44 


0% 


(-0.2-1.1) 


3% 


(1.0-5.3} 


45-64 


9% 


(4.2-13.5) 


- 8% 


(6.0-10.0) 


65+ 


14% 


(9.8-18.1) 


11% 


(8.8-13.2) 


Women 


12% 


(9.5-14.1) 


6% 


(5.0-7.5) 


35-44 


7% 


(1.0-12.4) 


4% 


(2.6-6.1) 


45-64 


12% 


(7.6-15.7) 


6% 


(4.4-7.7) 


65 + 


13% 


(10.3-16.1) 


1 1 % 


(7.9-13.8) 


High Total Cholesterol (£240 mg/dL) 






All 


32% 


(27.1-36.2) 


24% 


(21.4-26.0) 


35-44 


22% 


(11.6-32.5) 


15% 


(12.9-17.5) 


45-64 


34% 


(27.8-39.3) 


29% 


(26.0-31.9) 


65+ 


33% 


(26.3-39.3) 


31% 


(25.9-36.7) 


Men 


23% 


(17.7-28.5) 


23% 


(20.2-25.6) 


35-44 


22% 


(10.5-33.9) 


19% 


(15.7-22.5) 


45-64 


26% 


(18.6-33.4) 


27% 


(23.4-31.0) 


65+ 


21% 


(13.9-27.6) 


21% 


(17.1-25.7) 


Women 


37% 


(30.9-42.7) 


24% 


(21.8-27.1) 


35-44 


22% 


(8.9-35.0) 


12% 


(9.2-13.9) 


45-64 


38% 


(29.9-46.5) 


31% 


(27.2-34.5) 


65+ 


39% 


(31.4-47.3) 


41% 


(32.8-49.2) 








(continued on next page) 



'Systolic blood pressure >140 mm Hg; diastolic blood pressure >90 mm Hg (NIH 
Publication 98-4080, November 1997). 

CVD indicates cardiovascular disease; JNC VI, Sixth Report of the Joint National 
Committee on Prevention Detection, Evaluation, and Treatment of High Blood 
Pressure. 
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Table 2. Estimated Prevalence of CVD Risk Factors Among US 
Adults Aged >35 Years With and Without Osteoarthritis (Continued) 



Cardiovascular Disease 

Risk Factors, Stratified 

by Gender and Age Osteoarthritis 

(Years) (n = 24 345 370) 


General Population 
Without Arthritis 
(n= 115 861 005) 


Low HDL Cholesterol 










(<35 mg/dL) 










All 


13% 


(10.8-16.1) 


12% 


(10.4-13.2) 


35-44 


15% 


(7.9-21.5) 


11% 


(9.2-13.8) 


45-64 


14% 


(10.2-1 7.9) 


12% 


(10.0-13.5) 


65 + 


13% 


(9.9-15.2) 


13% 


(9.8-15.6) 


Men 


25% 


(19.3-30.9) 


18% 


(15.9-20.8) 


35-44 


29% 


(12.9-44.8) 


18% 


(13.7-22.3) 


45-64 


27% 


(17.6-35.6) 


19% 


(15.6-21.7) 


65+ 


22% 


(15.9-29.0) 


18% 


(14.5-22.4) 


Women 


6% 


(5.0-7.9) 


5% 


(4.0-6.6) 


35-44 


3% 


(0.1-6.6) 


5% 


(3.4-7.5) 


45-64 


6% 


(4.2-8.6) 


4% 


(2.9-5.3) 


65+ 


7% 


(5.1-9.2) 


7% 


(4.2-10.2) 


Renal Impairment (Serum Creatinine 








Levels Above ULN, 1.5 mg/dL) 








All 


37% 


(31.6-41.5) 


27% 


(23.8-30.3) 


35-44 


18% 


(11.1-25.0) 


19% 


(14.9-22.7) 


45-64 


28% 


(22.3-33.2) 


27% 


(23.2-30.5) 


65 + 


50% 


(42.1-57.2) 


46% 


(39.1-53.5) 


Men 


38% 


(31.3-44.1) 


29%. 


(25.8-32.8) 


35-44 


24% 


(9.0-38.3) 


22% 


(16.6-26.6) 


45-64 


26% 


(1 8.0-35.0) 


29% 


(24.5-33.8) 


65+ 


53% 


(42.8-63.4) 


47% 


(39.2-54.5) 


Women 


36% 


(30.3-41.5) 


25% 


(21.1-28.5) 


35-44 


14% 


(8.0-19.1) 


16% 


(12.5-19.8) 


45-64 


28% 


(21.6-35.3) 


24% 


(19.6-28.9) 


65+ 


48% 


(39.2-56.4) 


46% 


(37.0-54.4) 


Renal Failure (Serum Creatinine 








Levels 2x ULN >3.0 mg/dL) 








All 


0.8% 


(0.4-1.3) 


0.3% 


(0.2-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.1% 


(0.0-0.1) 


45-64 


0.2% 


(0.0-0.5) 


0.1% 


(0.0-0.2) 


65 + 


1 .6% 


(0.6-2.6) 


! .0% 


(0.5-1.4) 


Men 


1 .0% 


(0.2-1.8) 


0.2% 


(0.1-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.0% 


(0.0-0.1) 


45-64 


0.3% 


(-0.1-0.7) 


0.2% 


(0.0-0.3) 


65+ 


2.0% 


(0.1-3.9) 


0.9% 


(0.2-1.5) 


Women 


0.8% 


(0.2-1.3) 


0.3% 


(0.1-0.4) 


35-44 


0.0% 


(0.0-0.0) 


0.1% 


(0.1-0.1) 


45-64 


0.2% 


(-0.1-0.5) 


0.1% 


(0.0-0.1) 


65+ 


1 .4% 


(0.3-2.6) 


1 .0% 


(0.2-1.9) 



CVD indicates cardiovascular disease; HDL, high-density lipoprotein; ULN, upper 
limit of normal. 



and somewhat contradictory. A preva- 
lence rate of 32% was estimated in OA 
patients, which is higher than the 23% rate 
estimated for the general population. The 
comparatively lower prevalence of cardio- 
protective HDL cholesterol found in this 



study is consistent with what has been 
reported in other studies. 9 - 30 * 34 

Potential limitations of this study bear 
mention. First, it should be noted that due 
to the complex sampling design of 
NHANES III, extreme variability in the 
weights has the potential to result in 
reduced reliability of the estimates. 
However, the NHANES III sample was 
designed to minimize the variability in the 
weights through measures such as weight 
trimming. Although unlikely, extreme 
observations in conjunction with large 
weights may have resulted in extremely 
influential observations dominating the 
analyses. 27 Data from the NHANES sur- 
veys are considered by health services 
researchers to be among the most suit- 
able-to-task for purposes of generating 
national estimates of disease incidence 
and prevalence. Nonetheless, because 
NHANES III is based on surveys of the 
civilian noninstitutionalized population, 
which represents 98% of the total US pop- 
ulation, certain groups (eg, the institution- 
alized elderly) were excluded. 3 Although 
the NHANES sampling methodology 
accounts for factors such as this, estimates 
of disease and risk factor prevalence pre- 
sented in this article could differ some- 
what from true prevalence. 

Identification of comorbid medical con- 
ditions in NHANES III is derived mainly 
from patient self-report rather than from 
physical examination. Moreover, the self- 
reported data are confirmed by physicians 
only in certain circumstances. The validi- 
ty of using self-reports of arthritic condi- 
tions to estimate true prevalence of OA is 
unknown, but studies conducted in other 
disease areas suggest that self-reported 
measures selected from NHANES can be 
quite reliable. The sensitivity and speci- 
ficity of self-reported hypertension in 
NHANES III has been assessed, 35 and the 
validity of using NHANES data in this fash- 
ion for surveillance of hypertension trends 
in the US population is well established. 
Also, self-reports of an arthritis diagnosis 
derived from NHANES data have been 
used to examine the association between 
arthritis incidence and use of estrogen 
replacement therapy, body mass index, 
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and weight change, 30 " 17 and to explore 
associations between arthritis diagnosis, 
educational attainment, and mortality/*" 40 
Because many people with arthritis 
may not consult a physician for their con- 
dition, they consequently may not be able 
to affirmatively answer the NHANES ques- 
tion regarding whether a doctor has told 
them they have arthritis. Furthermore, 
the possibility of faulty recall or other 
ascertainment bias among NHANES III 
participants cannot be ruled out. Patients 
whose health histories span many years 
may omit less serious health conditions, 
misplace dates of occurrence, or incor- 
rectly remember the names of health con- 
ditions that were diagnosed several 
months or years in the past. Certainly, 
poor communication or a lack of under- 
standing of medical terminology could be 
detrimental factors. Patients mistaking 
"rheumatism" for "rheumatoid arthritis'' 
could be one example. A related concern 
is that the terms used to name or describe 
a given health condition vary among peo- 
ple of different language, cultural, social, or 
educational backgrounds. Compounding 
this problem is the fact that NHANES uses 
a checklist to collect information on 
chronic conditions and does not include 
definitions of the terms or lists of related 
symptoms to provide a consistent defini- 
tion across subjects. However, NHANES 
has a deserved reputation for its clear, 
unambiguous diagnostic criteria and 
wording on its questionnaires. Although 
the self- reported information regarding 
arthritis in NHANES III has not been sys- 
tematically validated, NHANES patient 
data has been used to ascertain preva- 
lence of chronic disease, including arthri- 
tis, with wide acceptance since the 1970s. 
Self-reported rheumatoid arthritis was 
excluded from this analysis because it is 
unlikely that patients would be able to 
reliably report this diagnosis for all the 
reasons listed above. 

Finally, one of the major limitations of 
this study was the relatively limited num- 
ber of CVT) risk factors that could be esti- 
mated using the NHANES III database. 
Interestingly, McEntegart and colleagues 9 
and Wallberg-Jonsson and colleagues 18 ' 11 



in their studies of RA patients identified 
significant correlations between RA and 
several thrombotic predictors of CVD that 
we were not able to derive from NHANES 
III data, including fibrinogen, von 
Willebrand factor, plasminogen activator 
inhibitor 1, tissue plasminogen activator 
antigen, and fibrin D-dimer. Current 
thinking is that inflammatory factors that 
promote atherogenesis and thrombogene- 
sis may play important roles in the devel- 
opment of CVD in arthritis patients, 
particularly those with RA. Had it been 
possible, estimation of prevalence rates 
for these potential risk factors would have 
been worthwhile. 



• CONCLUSION • 

National survey data suggests, on aver- 
age, US adults with OA have a high preva- 
lence of CVT) risk factors, which is higher 
than that of a nonarthritic population. 
These differences are likely to be due to 
the different age and gender distributions 
between an arthritic and nonarthritic pop- 
ulation. Prevalence estimates, such as the 
ones reported here, are not conclusive evi- 
dence that OA increases the likelihood of 
developing CVD risk factors or CVD. If 
anything, they provide further evidence 
that CVD and arthritis may represent sep- 
arate end points of a similar pathological 
process. 4213 While the importance of CVD 
risk factor reduction in all people is obvi- 
ous, these prevalence estimates demon- 
strate that from a practical clinical 
perspective, modifiable CVT) risk factors 
need to be aggressively managed in the 
arthritic population. It is important to be 
aware of the higher prevalence of CVD 
risk factors in the arthritic population 
when selecting from the many treatment 
options available today. 



• REFERENCES- 

1. Centers for Disease Control and Prevention 
(CDC). Targeting arthritis: public health takes action. 
Available at: http:/Avv\w. cdc.gov/nccdphp/art- 
aag.atm. Accessed February 13, 2002. 

2. Centers for Disease Control and Prevention 
(CDC). Impact of arthritis and other rheumatic condi- 
tions of the health care system — United States, 1997. 
Morb Mortal Wkly Rep. 1999;48:349-353. 



VOL. 8, NO. 15, SUP. 



THE AMERICAN JOURNAL OP MANAGED CARE 



S389 



REPORTS 



3. Centers for Disease Control and Prevention 
(CDC). Prevalence of arthritis— United States, 1997. 
MMWR Morb Mortal Wkly Rep. 2001;50:334-336. 

4. Lawrence RC, Helmick CG, Arnett FC. Estimates 
of the prevalence of arthritis and selected muscu- 
loskeletal disorders in the United States. Arthritis 
Rheum. 1999;42:778-799. Comment in Arthritis 
Rheum. 1 999; 1 942:1 396. 

5. Centers for Disease Control and Prevention 
(CDC). National Arthritis Action Plan: a public health 
strategy. Atlanta, Ga: Arthritis Foundation, Association 
of State and Territorial Health Officials; 1999. 

6. Gabriel SE, Crowson CS, O'Fallon WM. 
Comorbidity in arthritis. J Rheumatol. \ 999;26:2475- 
2479. 

7. Wallberg-Jonsson S, Johansson H, Ohman M-L, 
Rantapaa-Dahlqvist S. Cardiovascular morbidity and 
mortality in patients with seropositive rheumatoid 
arthritis in Northern Sweden. / Rheumatol. 1997;24: 
445-451. 

8. Mutru O, Laakso M, Isomaki H, Koota K. 

Cardiovascular mortality in patients with rheumatoid 
arthritis. Cardiology. 1989;76:71-77. 

9. McEntegart A, Capell HA, Creran D, Rumlcy A, 
Woodward M, Lowe GD. Cardiovascular risk factors, 
including thrombotic variables, in a population with 
rheumatoid arthritis. Rheumatologv. 2001;40:640- 
644. 

10. Gabriel SE. The epidemiology of rheumatoid 
arthritis. Rheum Dis Clin North Am. 2001;27:269- 
281. 

11. Cerhan JR, Wallace RB, el-Khoury GY, Moore TE, 
Long CR. Decreased survival with increasing preva- 
lence of full-body, radiographically defined osteoarthri- 
tis in women. Am J Epidemiol. 1995;141:225-234. 

12. Myllykangas-Luosujarvi R, Aho K, Kautiainen H, 
Isomaki H. Cardiovascular mortality in women with 
rheumatoid arthritis. J Rheumatol. 1995;22:1 065- 
1067. 

13. Wolfe F, Mitchell DM, Sibley JT, et al. The mor- 
tality of rheumatoid arthritis. Arthritis Rheum. 
1994;37:481-494. 

14. Mitchell DM, Spitz PW, Young DY. Survival, 
prognosis, and causes of death in rheumatoid arthritis. 
Arthritis Rheum. 1986;29:706-714. 

15. Mutru O, Laakso M, Isomaki H. Ten year mortal- 
ity and causes of death in patients with rheumatoid 
arthritis. Br Med J. 1985;290:1797-1799. 

16. Prior P, Symmons DPM, Scott DL, Brown R, 
Hawkins CF. Cause of death in rheumatoid arthritis. 
Br J Rheumatol. 1984;23:92-99. 

17. Vandenbroucke JP, Hazevoet HM, Cats A. 
Survival and cause of death in rheumatoid arthritis: a 
25-year prospective follow-up. J Rheumatol. .1 984; 1 1 : 
158-161. 

18. Wallberg-jonsson S, Johansson H, Ohman M-L, 
Rantapaa-Dahlqvist S. Extent of inflammation predicts 
cardiovascular disease and overall mortality in 
seropositive rheumatoid arthritis: a retrospective 
cohort study from disease onset. / Rheumatol. 
1999;26:2562-2571. 

19. Philbin EF, Groff GD, Ries MD, Miller TE. 

Cardiovascular fitness and health in patients with end- 
stage osteoarthritis. Arthritis Rheum. 1995;38: 
799-805. 

20. Hernanz A, Plaza A, Martin-Mola E, De Miguel 
E. Increased plasma levels of homocysteine and other 



thiol compounds in rheumatoid arthritis women. Clin 
Biochem. 1999;32:65-70. 

21. Maxwell SRJ, Moots R|, Kendall MJ. Corticosteroids: 
do they damage the cardiovascular system? Postgrad 
Med I. 1994;70:863-870. 

22. Nashell DJ. Is atherosclerosis a complication of 
long-term corticosteroid treatment? Am ) Med. 
1986;80:925-929. 

23. Dunkin MA. Getting to the heart of the matter. 
Arthritis Today. November- December 2000. 
Available at: http://\vww. arthritis.org/resources/arthri- 
tistoday/2000_archives/2000J 1_1 2_heart.asp. 
Accessed November 27, 2001 . 

24. Landewe RB, van den Borne BE, Breedveld FC, 
Dijkmans BA. Methotrexane effects in patients with 
rheumatoid arthritis with cardiovascular comorbidity. 
Lancet. 2000;355:1616-1617. 

25. National Center for Health Statistics. National 
Health and Nutrition Examination Survey, III 1988- 
94. Revised October 1997. Atlanta, Ga: Centers for 
Disease Control and Prevention, US Department of 
Health and Human Services; 1997. SETS Version 
1.22a. 

26. National Center for Health Statistics. Analytic 
and Reporting Guidelines: The Third National Health 
and Nutrition Examination Sur\<ey, NHANES III 
(1988-94). Atlanta, Ga: Centers for Disease Control 
and Prevention; October 1996. 

27. Mohadjer L, Montaquilla J, Waksberg J. National 
Health and Nutrition Examination Survey 111: 
Weighting and Estimation Methodology. Hyattsville, 
Md: VVestat, Inc for the National Center for Health 
Statistics; February 1996. 

28. National Institutes of Health. The Sixth Report of 
the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood 
Pressure. Bethesda, Md: National Heart, Lung and 
Blood Institute. National High Blood Pressure 
Program; November 1997. NIH publication 98-4080. 

29. Berkow R. The Merck Manual of Diagnosis and 
Therapy. Rahway, NJ: Merck & Co; 1992. 

30. Park YB, Lee SK, Lee WK, et al. Lipid profiles 
in untreated patients with rheumatoid arthritis. 

I Rheumatol. 1999;26:1701-1704. 

31. Philbin EF, Ries MD, Groff GD, Sheesley KA, 
French TS, Pearson TA. Osteoarthritis as a determi- 
nant of an adverse coronary heart disease risk profile. 
/ Cardiovasc Risk. 1 996;3:529-533. 

32. Lazarevic MB, Vitic J, Mladenovic V, Myones 
BL, Skosey JL, Svvedler Wl. Dyslipoproteinaemia in 
the course of active rheumatoid arthritis. Semin 
Arthritis Rheum. 1992;22:172-180. 

33. Rantapaa-Dahlqvist S, Wallberg-Jonsson S, 
Dahlen G. Lipoprotein (a), lipids and lipoproteins in 
patients with rheumatoid arthritis. Ann Rheum Dis. 
1991;50:366-368. 

34. Lorber M, Aviram M, Linn S. Hypocholestero- 
laemia and abnormal high-density lipoprotein in 
rheumatoid arthritis. Br J Rheumatol. 1985;24: 
250-255. 

35. Vargas CM, Burt VL, Gillum RF, Pamuk ER. 

Validity of self-reported hypertension in the National 
Health and Nutrition Examination Survey III, 1988- 
1991. PrevMed. 1997;26:678-685. 

36. Sahyoun NR, Brett KM, Hochberg MC, Pamuk 
ER. Estrogen replacement therapy and incidence of 
self-reported physician-diagnosed arthritis. Prev Med. 
1999;28:458-464. 



S390 



THE AMERICAN JOURNAL OF MANAGED CARE 



OCTOBER 2002 



Prevalence of Cardiovascular Disease Risk Factors Among US Adults With Self-Reported Osteoarthritis 



37. Sahyoun NR, Hochberg MC, Helmick CG, Harris 
T, Pamuk ER. Body mass index, weight change, and 
incidence of self-reported physician-diagnosed arthri- 
tis among women. Am \ Public Health. 1999;89: 
391-394. 

38. Leigh JP, Fries )F. Correlations between education 
and arthritis in the 1971-1975 NHANES I. Soc Sci 
Med. 1994;38:575-583. 

39. Leigh JP, Fries JF. Arthritis and mortality in the 
epidemiological follow-up to the National Health and 
Nutrition Examination Survey I. NY Acad Med Bull. 
1994;71:69-86. 

40. Hannan MT, Anderson Jj, Pincus T, Felson DT. 

Educational attainment and osteoarthritis: differen- 



tial associations with radiographic changes and 
symptom reporting. J Clin Epidemiol. 1992;45: 
139-147. 

41. Wallberg-Jonsson S, Cederfelt M, Rantapaa- 
Dahlqvist S. Hemostatic factors and cardiovascular 
disease in active rheumatoid arthritis: an 8 year fol- 
lowup study. / Rheumatol. 2000;27:71-75. ' 

42. Dessein PH, Stanwix AE, Moomal Z. Rheumatoid 
arthritis and cardiovascular disease may share similar 
risk factors: letter to the editor. Rheumatology. 2001 ;40: 
703-704. 

43. Symmons D, Harrison B. Rheumatoid arthritis 
and cardiovascular disease may share similar risk fac- 
tors: reply. Rheumatology. 2001;40:704. 



VOL. 8, NO. 15, SUP. 



THE AMERICAN JOURNAL OF MANAGED CARE 



S391 



This report is based on research conducted by the Oregon Evidence-based Practice Center (EPC) 
under contract to the Agency for Healthcare Research and Quality (AHRQ), Rockville, MD 
(Contract No. 290-02-0024). The findings and conclusions in this document are those of the 
authors, who are responsible for its contents; the findings and conclusions do not necessarily 
represent the views of AHRQ. Therefore, no statement in this article should be construed as an 
official position of the Agency for Healthcare Research and Quality or of the U.S. Department of 
Health and Human Services. 

This report is intended as a reference and not as a substitute for clinical judgment. Anyone who 
makes decisions concerning the provision of clinical care should consider this report in the same 
way as any medical reference and in conjunction with all other pertinent information. 

This report may be used, in whole or in part, as the basis for development of clinical practice 
guidelines and other quality enhancement tools, or as a basis for reimbursement and coverage 
policies. AHRQ or U.S. Department of Health and Human Services endorsement of such 
derivative products may not be stated or implied. 



Comparative Effectiveness Review 



Number 4 



Comparative Effectiveness and Safety of Analgesics 
for Osteoarthritis 




Agency for Healthcare Research and Quality 



Advancing Excellence in Health Care 




Comparative Effectiveness Review 



Number 4 



Comparative Effectiveness and Safety of Analgesics 
for Osteoarthritis 



Prepared for: 

Agency for Healthcare Research and Quality 
U.S. Department of Health and Human Services 
540 Gaither Road 
Rockville, MD 20850 
www.ahrq.gov 



Contract No. 290-02-0024 



Prepared by: 

Oregon Evidence-based Practice Center 

Investigators 
Roger Chou, M.D. 
Mark Helfand, M.D. 
Kim Peterson, M.S. 
Tracy Dana. M.L.S. 
Carol Roberts, B.S. 



AHRQ Publication No. 06-EHC009-EF 
September 2006 



This document is in the public domain and may be used and reprinted without permission except 
those copyrighted materials noted for which further reproduction is prohibited without the 
specific permission of copyright holders. 



None of the investigators has any affiliations or financial involvement that conflicts with the 
material presented in this report. 



Suggested citation: 

Chou R 5 Helfand M, Peterson K, Dana T, Roberts C. Comparative Effectiveness and Safety of 
Analgesics for Osteoarthritis. Comparative Effectiveness Review No. 4. (Prepared by the Oregon 
Evidence-based Practice Center under Contract No. 290-02-0024.) Rockville, MD: Agency for 
Healthcare Research and Quality. September 2006. Available at: 
www.effectivehealthcare. ahrq.gov/reports/final.cfm. 



ii 



Preface 



The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care 
Program as part of its mission to organize knowledge and make it available to inform decisions 
about health care. As part of the Medicare Prescription Drug, Improvement, and Modernization 
Act of 2003, Congress directed AHRQ to conduct and support research on the comparative 
outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health 
care services to meet the needs of Medicare, Medicaid, and the State Children's Health Insurance 
Program (SCHIP). 

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting Comparative Effectiveness Reviews of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies. For more information about systematic reviews, see 
vvwAv.effectivehealthcare.ahrq.gov/reference/puipose.cfa 

AHRQ expects that Comparative Effectiveness Reviews will be helpful to health plans, 
providers, purchasers, government programs, and the health care system as a whole. In addition, 
AHRQ is committed to presenting information in different formats so that consumers who make 
decisions about their own and their family's health can benefit from the evidence. 

Transparency and stakeholder input are essential to the Effective Health Care Program. Please 
visit the Web site ( www . effect! veheal thcare . ahrq . gov ) to see draft research questions and reports 
or to join an e-mail list to learn about new program products and opportunities for input. 
Comparative Effectiveness Reviews will be updated regularly. 
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Executive Summary 



Background 

Osteoarthritis is a chronic condition involving degeneration of cartilage within the joints. It 
is the most common form of arthritis and is associated with pain, substantia! disability, and 
reduced quality of life. About 6 percent of U.S. adults aged 30 years or older have symptomatic 
osteoarthritis of the knee, and 3 percent have symptomatic osteoarthritis of the hip. Osteoarthritis 
increases with age: the incidence and prevalence increase two- to tenfold from age 30 to 65 and 
continue to increase after age 65. The total costs for arthritis, including osteoarthritis, may be 
greater than 2 percent of the gross domestic product, with more than half of these costs related to 
work loss. 

Common oral medications for osteoarthritis include nonsteroidal antiinflammatory drugs 
(NSAIDs) and acetaminophen. Patients with osteoarthritis also use over-the-counter supplements 
not regulated by the U.S. Food and Drug Administration (FDA) as pharmaceuticals, including 
glucosamine and chondroitin. as well as topical agents. Opioid medications are also used for 
selected patients with refractory, chronic pain but are not recommended for first-line treatment of 
osteoarthritis and therefore not included in this review. Each class of medication or supplement 
is associated with a unique balance of risks and benefits. In addition, efficacy and safety may 
vary for individual drugs within a class. Nonpharmacologic interventions (such as physical 
therapy, weight reduction, and exercise) also help improve pain and functional status in patients 
with osteoarthritis. 

A challenge in treating osteoarthritis is deciding which medications will provide the greatest 
symptom relief with the fewest serious adverse effects. NSAIDs decrease pain, inflammation, 
and fever by blocking cyclo-oxygenase (COX) enzymes. Understanding of the pharmacology of 
NSAIDs continues to evolve, but it is now thought that most NSAIDs block three different COX 
isoenzymes, known as COX-1, COX-2, and COX-3. COX-1 protects the lining of the stomach 
from acid. COX-2 is found in joint and muscle, and mediates effects on pain and inflammation. 
By blocking COX-2, NSAIDs reduce pain compared to placebo in patients with arthritis, low 
back pain, minor injuries, and soft tissue rheumatism. However, NSAIDs that also block the 
COX-1 enzyme (also called "nonselective NSAIDs") can cause gastrointestinal bleeding. In the 
United States, there are an estimated 16,500 annual deaths due to NSAID-induced 
gastrointestinal complications, a higher death rate than that for cervical cancer or malignant 
melanoma. Theoretically, NSAIDs that block only the COX-2 enzyme (also called "coxibs," 
"COX-2 selective NSAIDs," or "selective NSAIDs") should be safer with regard to 
gastrointestinal bleeding, but they also appear to be associated with increased rates of serious 
cardiovascular and other adverse effects. Less is known about COX-3, which is found in the 
cerebral cortex and cardiac tissue and appears to be involved in centrally mediated pain. 

For this report, we defined the terms "selective NSAIDs" or "COX-2 selective NSAIDs" as 
drugs in the "coxib" class (celecoxib, rofecoxib, valdecoxib, etoricoxib, lumiracoxib). We 
defined "partially selective NSAIDs" as other drugs shown to have partial in vitro COX-2 
selectivity (etodolac, nabumetone, meloxicam). Aspirin differs from other NSAIDs because it 
irreversibly inhibits platelet aggregation, and the salicylic acid derivatives (aspirin and salsalate) 
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were considered a separate subgroup. We defined "nonaspirin, nonselective NSAIDs 55 or simply 
"nonselective NSAIDs" as "all other NSAIDs." 

This report summarizes the available evidence comparing the benefits and harms of 
analgesics in the treatment of osteoarthritis. 



Oral agents include: 

Aspirin 

Aacetaminophen 
Celecoxib 

Choline magnesium trisalicylate 
Chondroitin 
Diclofenac 
Diflunisal 
Etodolac 
Etoricoxib 1 
Fenoprofen 
Flurbiprofen 
Glucosamine 
Ibuprofen 
Indomethacin 
Ketoprofen 
Ketoprofen ER 

1 These drugs are currently not approved by the FDA for 
tiaprofenic acid) or have been withdrawn from the market 



Ketorolac 

Lumiracoxib 1 

Meclofenamate sodium 

Mefenamic acid 

Meloxicam 

Nabumetone 

Naproxen 

Oxaprozin 

Piroxicam 

Rofecoxib 1 

Salsalate 

Sulindac 

Tenoxicam 1 

Tiaprofenic acid 1 

Tolmetin 

Valdecoxib 1 



use in the United States (etoricoxib. lumiracoxib, tenoxicam, 
(rofecoxib and valdecoxib). 



Questions addressed in this report are: 



1 . What are the comparative benefits and harms of treating osteoarthritis with oral 
medications or supplements? How do these benefits and harms change with dosage and 
duration of treatment, and what is the evidence that alternative dosage strategies, such as 
intermittent dosing and drug holidays, affect the benefits and harms of oral medication 
use? (Note: The only benefits considered under this question are improvements in 
osteoarthritis symptoms from long-term use. Evidence of harms associated with NSAID 
use include long-term studies of these drugs for treating osteoarthritis or rheumatoid 
arthritis and for cancer prevention. 

2. Do the comparative benefits and harms of oral treatments for osteoarthritis vary for 
certain demographic and clinical subgroups of patients? 



• Demographic subgroups include age, sex, and race. 



• Coexisting diseases include hypertension, edema, ischemic heart disease, heart 
failure; peptic ulcer disease; history of previous bleeding due to NSAIDs. 
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• Concomitant medication use includes anticoagulants. 

3. What are the comparative effects of coprescribing of H2-antagonists, misoprostol, or 
proton pump inhibitors (PPIs) on the gastrointestinal harms associated with NSAID use? 

4. What are the comparative benefits and harms of treating osteoarthritis with oral 
medications as compared with topical preparations? Topical preparations include: 
capsaicin, diclofenac, ibuprofen, ketoprofen, and salicylate. 

A summary of the findings is shown in Table A. 



Conclusions 



Oral NSAIDs 

Benefits: improvements in osteoarthritis symptoms 

• Nonselective NSAID vs. another nonselective NSAID 

■ iMany trials found no clear differences between various nonaspirin, nonselective 
NSAIDs of partially selective NSAIDs (meloxicam, nabumetone, etodolac) in 
efficacy for pain relief or improvement in function. 

■ In one short-term trial, salsalate and aspirin did not differ significantly in efficacy 
for pain relief or symptom improvement. 

■ No studies evaluated the comparative efficacy of salsalate or aspirin vs. a 
nonaspirin NSAID. 

• COX-2 selective (NSAID) vs. nonselective NSAID 

■ COX-2 selective NSAIDs and nonselective NSAIDs did not clearly differ in 
efficacy for pain relief, based on many good-quality, published trials. 

• COX-2 selective NSAID vs. different COX-2 selective NSAID 

■ Celecoxib and rofecoxib did not differ significantly in efficacy for pain relief at 
commonly used and comparable doses, based on consistent evidence from six 
good-quality trials. 

■ No studies compared efficacy of COX-2s other than celecoxib and rofecoxib. 
Harms: gastrointestinal (GI) and cardiovascular (CV) 

• Rofecoxib vs. nonselective NSAID 
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■ In the only large, long-term trial (VIGOR), rofecoxib 50 mg daily caused fewer 
serious ulcer complications than naproxen 1,000 mg daily in patients with 
rheumatoid arthritis but also significantly increased the risk of myocardial 
infarction. The overall rate of serious adverse events was higher with rofecoxib 
than with naproxen. 

• There were about 16 fewer symptomatic ulcers, including 5.2 fewer 
serious GI complications, for every 1,000 patients treated with rofecoxib 
vs. naproxen after a median of 9 months of treatment. 

• There were 3.0 additional myocardial infarctions for even' 1,000 patients 
treated with rofecoxib compared to naproxen in VIGOR. 

■ Rofecoxib was associated with an increased risk of myocardial infarction relative 
to placebo in the most comprehensive systematic review of randomized controlled 
trials (RCTs). 

• About 3.5 additional myocardial infarctions occurred for every 1,000 
patients treated for 1 year with rofecoxib compared to placebo in the 
systematic review. 

■ Rofecoxib was withdrawn from the market in September 2004, primarily because 
ofCV risks. 

• Celecoxib vs. nonselective NSAID or placebo 

■ It is not clear whether celecoxib has fewer potential harms than nonselective 
NSAIDs when used longer than 3-6 months. In the only large, published trial 
(CLASS), celecoxib at 800 mg daily did not decrease predefined serious ulcer 
complications overall compared with diclofenac and ibuprofen; the risk of . 
serious GI events was lower than with ibuprofen, but not diclofenac, at 6 months 
in patients who did not use aspirin; and there was no reduction in serious GI 
events at the end of followup. The overall rate of serious adverse events with 
celecoxib was similar to the rate with ibuprofen and diclofenac. 

■ In fair-quality meta-analyses of arthritis trials, most of which evaluated short- 
term use, celecoxib caused fewer ulcer complications than nonselective NSAIDs 
and did not increase the risk of myocardial infarction. 

■ Celecoxib 400 mg twice daily was associated with an increased risk of serious 
CV events (CV death or myocardial infarction) relative to placebo in a long-term 
trial of polyp prevention. 

■ Celecoxib was associated with an increased risk of myocardial infarction relative 
to placebo in the most comprehensive systematic review of RCTs. Most of the 
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CV events with celecoxib were reported in two large polyp-prevention trials 
evaluating 200 mg or 400 mg twice daily, or 800 mg once daily. 

• About 3.5 additional myocardial infarctions occurred for every 1,000 
patients treated for 1 year with celecoxib compared to placebo. 

• Valdecoxib vs. nonselective NSAID or placebo 

■ Valdecoxib was associated with a lower risk of upper GI complications compared 
with diclofenac, ibuprofen, or naproxen in two fair-quality meta-analyses of 
published and unpublished trials. 

■ There have been too few events reported in RCTs of patients with chronic 
conditions to accurately assess CV risk associated with valdecoxib. 

■ Two short-term trials in a high-risk post-coronary-artery-surgery setting found 
that valdecoxib was associated with a two- to threefold higher risk of CV events 
compared with placebo. 

■ Valdecoxib was withdrawn from the market due to life-threatening skin reactions and 
increased CV risk. 

• Etoricoxib vs. nonselective NSAID 

■ Etoricoxib was associated with fewer GI adverse events (perforations, 
symptomatic ulcers, and bleeds) than nonselective NSAIDs in a fair-quality 
meta-analysis of 10 trials. 

■ In primarily short-term trials, systematic reviews of RCTs suggest that etoricoxib 
has a similar CV safety profile compared to other NSAIDs, with the possible 
exception of naproxen. Definitive conclusions are not possible because of small 
numbers of CV events. 

• Lumiracoxib vs. nonselective NSAID 

■ Results from one large trial (TARGET) found fewer adverse GI events with 
lumiracoxib than with naproxen and ibuprofen. 

■ There was no statistically significant difference in rates of serious CV events 
between lumiracoxib relative to naproxen or ibuprofen in TARGET. 

■ Too few events have been reported in RCTs to accurately assess CV risk 
associated with lumiracoxib. 

• Partially selective NSAID vs. nonselective NSAID 
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• Meloxicam: There were no significant differences in risks of serious GI events in 
several meta-analyses of up to 28 primarily short-term clinical trials, and no 
difference in CV risk in three observational studies. 

■ Nabumetone or etodolac: There was insufficient evidence to make reliable judgments 
about relative GI safety and no evidence on CV safety. 

• Nonselective NSAID vs. nonselective NSAID or any COX-2 selective NSAID 

■ No clear difference in GI safety was found among nonselective NSAIDs at commonly 
used doses. 

■ The CV safety of naproxen was moderately superior to that of any COX-2 selective 
NSAID in a large systematic review of RCTs. 

• There were 3.3 additional myocardial infarctions for ever}' 1,000 patients 
treated with any COX-2 inhibitor instead of naproxen for 1 year. 

■ The CV safety of nonselective NSAIDs other than naproxen (data primarily on 
ibuprofen and diclofenac) was similar to that of COX-2 selective NSAIDs in a large 
systematic review. 

■ In indirect analyses, naproxen was the only nonselective NSAID associated with 
neutral CV risk relative to placebo. 

• Aspirin 

■ Aspirin is associated with a lower risk of thromboembolic events and a higher risk of 
GI bleeds compared to placebo or nonuse when given in long-term prophylactic 
doses. 

■ There is insufficient evidence to assess the balance of GI and CV safety of higher 
dose aspirin as used for pain relief compared with nonaspirin NSAIDs. 

• Salsalate 

■ Salsalate was associated with a lower risk of adverse events than other selective and 
nonselective NSAIDs using broad composite endpoints in older, poor-quality 
observational studies. In a more recent observational study, salsalate had a similar 
rate of complications compared with other NSAIDS. 

■ Almost no data are available on CV safety. 
Harms: mortality 

■ Individual trials were not large enough to detect differences in mortality between the 
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included drugs. 

■ One meta-analysis of celecoxib found no difference between celecoxib and 
nonselective NSAIDs : but there were few events. 

■ In one fair-quality cohort study, nabumetone was associated with a lower risk of all- 
cause mortality compared with diclofenac and naproxen, but this finding has not been 
replicated. 

Harms: hypertension, congestive heart failure (CHF), edema, and impaired renal function 

■ All NS AIDs and COX-2 inhibitors can cause or aggravate these conditions. 

■ There is good evidence from short-term trials that, on average, nonselective NSAIDs 
raise mean blood pressure by about 5.0 mm Hg (95-percent confidence interval [CI] 
1.2 to 8.7). However, similar average blood pressure changes may not necessarily 
correspond with similar likelihoods of an event requiring withdrawal, medication 
change, or other clinical consequences. 

■ Evidence from good-quality observational studies suggests that rofecoxib is 
associated with greater risks of hypertension, CHF. and edema than celecoxib. 
Indirect evidence from various meta-analyses of either rofecoxib or celecoxib vs. 
nonselective NSAIDs are consistent with these findings. Direct randomized trial 
evidence, however, is limited in quantity and difficult to interpret because of possible 
non-equivalent dosing of drugs. Evidence regarding the comparative risk of renal 
dysfunction for celecoxib and rofecoxib is sparse. 

■ There was weak evidence that aspirin and sulindac have less hypertensive effect than 
other nonselective NSAIDs. 

■ There were no clear differences among other selective or nonselective NSAIDs for 
these adverse events. 

Harms: hepatotoxicity 

■ Clinically significant hepatotoxicity was rare. 

■ Among currently marketed NSAIDs, only diclofenac was associated with a 
significantly higher rate of liver-related discontinuations compared with placebo (1 
additional case for every 53 patients treated with diclofenac). 

Tolerability 

■ Relative to nonselective NSAIDs, COX-2 selective and partially selective NSAIDs 
were better or similarly tolerated and aspirin was less well tolerated. 

■ There were no clear differences in tolerability among COX-2 selective or 
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nonselective NSAIDs. 

■ Uncertainty remains regarding the comparative toierability of salsalate and 
nonselective NSAIDs. Available evidence is somewhat sparse and mixed, with two of 
three short-term trials suggesting salsalate is less well tolerated than nonselective 
NSAIDs and older, flawed observational studies suggesting that salsalate is less toxic 
than nonselective NSAIDs. 

Other oral agents: benefits and harms 

• Acetaminophen 

■ Acetaminophen was modestly inferior to NSAIDs for pain and function in four 
systematic reviews. 

• Pain severity ratings averaged less than 10 points higher for acetaminophen 
compared to NSAIDs on 100-point visual analog scales. 

■ Compared with NSAIDs, acetaminophen had fewer GI side effects (clinical trials 
data) and serious GI complications (observational studies). 

■ Acetaminophen may be associated with modest increases in blood pressure and renal 
dysfunction (observational studies). 

■ One good-quality, prospective observational study found an increased risk of CV 
events with heavy use of acetaminophen that was similar to the risk associated with 
heavy use of NSAIDs. 

■ Acetaminophen at therapeutic doses does not appear to be associated with an 
increased risk of hepatotoxicity compared to nonuse in patients without underlying 
liver disease. 

• Glucosamine and chondroitin 

■ In one large, good-quality trial the combination of pharmaceutical-grade glucosamine 
hydrochloride plus chondroitin (not currently available in the United States) was not 
superior to placebo among all patients studied. Neither glucosamine nor chondroitin 
alone was superior to placebo. In an analysis of a small subgroup of patients with at 
least moderate baseline pain, there was a modest benefit for pain relief from the 
combination, but this did not appear to be a preplanned analysis. 

■ Systematic reviews of older trials found glucosamine modestly superior to oral 
NSAIDs and placebo in most trials, but there was some inconsistency between trials, 
most trials had some flaws, and results may not be directly applicable to the United 
States because the positive trials primarily evaluated pharmaceutical-grade 
glucosamine available in Europe. 
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■ Only 2 of 20 placebo-controlled trials assessed effects of glucosamine on radiologic 
disease progression. One fair- and one good-quality trial found pharmaceutical-grade 
glucosamine superior to placebo for progression of knee joint space narrowing over 3 
years. 

■ Glucosamine and chondroitin were generally well tolerated and no serious adverse 
events were reported in clinical trials. 

Effect of dosage and duration of treatment on the benefits and harms 
of oral medication use 

• We found no studies evaluating the GI or CV safety of alternative dosing strategies (such 
as alternate day dosing, once daily versus twice daily dosing, or periodic drug holidays). 

• The risk of GI bleeding increases with higher doses of nonselective NSAIDs. 

• The most comprehensive systematic review of RCTs found no clear association between 
duration of exposure and CV risk of COX-2 inhibitors. However, estimates of CV risk 
with shorter duration of exposure are imprecise due to low numbers of events. 

• The most comprehensive systematic review of RCTs found higher doses of celecoxib 
associated with increased CV risk, but could not determine the effects of dose on CV risk 
associated with rofecoxib due to low numbers of events at lower doses. Most trials of 
nonselective NSAIDs involved high doses. 

Differences in demographic and clinical subgroups 

• GI and CV complication rates are higher among older patients and those with 
predisposing comorbid conditions, but there is no evidence that the relative safety of 
different NSAIDs varies according to baseline risk. 

o Compared to nonuse of NSAIDs, one additional death per 1 year of use occurred 
for every 13 patients treated with rofecoxib, 14 with celecoxib, 45 with ibuprofen, 
and 24 with diclofenac in one large, population-based observational study of high- 
risk patients with acute myocardial infarction. 

• There is no evidence that the comparative safety or efficacy of specific selective or 
nonselective NSAIDs varies depending on age, gender, or racial group, although data are 
sparse. 

• Among patients who had a recent episode of upper GI bleeding, there is good evidence 
that rates of recurrent ulcer bleeding are high (around 5 percent after 6 months) in 
patients prescribed celecoxib or a nonselective NSAID plus a PPL 
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Concomitant anticoagulant use 



• Concomitant use of anticoagulants (e.g., warfarin) and any nonselective NSAID increases 
the risk of GI bleeding three- to sixfold compared to anticoagulants alone. 

• Reliable conclusions about the safety of selective NSAIDs used with anticoagulants are 
not possible due to flaws in existing observational studies, although there are case reports 
of serious bleeding events, primarily in the elderly. 

Concomitant aspirin use 

• In the CLASS studies, there was no difference in rates of ulcer complications between 
celecoxib and nonselective NSAIDs in the subgroup of patients who took aspirin, 

• Concomitant low-dose aspirin use increased the rate of endoscopic ulcers by about 6 
percent in both patients on celecoxib and those on nonselective NSAIDs in one meta- 
analysis. 

• Rofecoxib plus low-dose aspirin or ibuprofen alone were associated with similar risks of 
endoscopic ulcers (16-17 percent), which were significantly higher than those for placebo 
(6 percent) or aspirin alone (7 percent). 

• The most comprehensive systematic review of RCTs found that compared to nonuse of 
aspirin, concomitant aspirin use did not ameliorate the increased risk of vascular events 
associated with COX-2 selective NSAIDs. 

Effects of coprescribing H2-antagonists, misoprostol, or PPIs 

• Consistent evidence from good-quality systematic reviews and numerous clinical trials 
found coprescribing of PPIs to be associated with the lowest rates of endoscopically 
detected duodenal ulcers relative to gastroprotective agents. 

• Coprescribing of misoprostol is associated with similar rates of endoscopically detected 
gastric ulcers as coprescribing of PPIs. 

• While misoprostol offers the advantage of being the only gastroprotective agent to reduce 
rates of perforation, obstruction, or bleeding, there is a high rate of withdrawals due to 
adverse GI symptoms. 

• The risk of endoscopic duodenal ulcers for standard-dose H2 blockers was lower than 
placebo, similar to misoprostol, and higher than omeprazole. Standard dosages of H2 
blockers were associated with no reduction of risk for gastric ulcers relative to placebo. 

• Double (full) dose H2 blockers were associated with a lower risk of endoscopic gastric 
and duodenal ulcers relative to placebo. It is unknown how full-dose H2 blockers 
compare to other antiulcer medications because head-to-head trials are lacking. 
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Comparison of oral medications with topical preparations 



• Topical NSAIDs: efficacy 

■ Studies of topical NSAIDs typically evaluated proprietary formulations 
not approved by the FDA. 

■ Topical NSAIDs were similar to oral NSAIDs for pain relief in trials 
primarily of patients with osteoarthritis of the knee, with topical 
diclofenac (often with dimethyl sulphoxide [DMSO], a drug not approved 
for use in humans in the United States) best studied. 

■ Topical ibuprofen was superior to placebo in several trials. 

• Topical NSAIDs: safety 

■ Consistent evidence from good-quality trials, systematic reviews, and 
observational studies found topical NSAIDs to be associated with 
increased local adverse events compared with oral NSAIDs. 

■ Total adverse events and withdrawal due to adverse events were similar. 

■ Data from one good-quality trial found topical NSAIDs superior to oral 
NSAIDs for GI events, including severe events, and changes in 
hemoglobin. 

• Topical salicylates and capsaicin 

■ Topical salicylates were no better than placebo in higher quality placebo- 
controlled trials. 

■ Compared to placebo, one additional patient achieved pain relief for every 
eight that used topical capsaicin in a good-quality meta-analysis, but 
capsaicin was associated with increased local adverse events and 
withdrawals due to adverse events. 

Balance of evidence and harms 

Each of the analgesics evaluated in this report was associated with a unique set of benefits 
and risks. Each was also associated with gaps in the evidence necessary to determine the true 
balance of benefits vs. harms. The role of selective and nonselective oral NSAIDs and alternative 
agents will continue to evolve as additional information emerges. At this time, although the 
amount and quality of evidence vary, no currently available analgesic reviewed in this report was 
identified as offering a clear overall advantage compared with the others. This is not surprising, 
given the complex tradeoffs between the many benefits (pain relief, improved function, 
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improved tolerability, and others) and harms (CV, renal, GI, and others) involved. 

Individuals are likely to differ in how they prioritize the importance of the various benefits 
and harms of treatment. Adequate pain relief at the expense of an increase in CV risk, for 
example, could be an acceptable tradeoff for some patients. Others may consider even a marginal 
increase in CV risk unacceptable. Factors that should be considered when weighing the potential 
effects of an analgesic include age (older age being associated with increased risks for bleeding 
and CV events), comorbid conditions, and concomitant medication use (such as aspirin and 
anticoagulation medications). As in other medical decisions, choosing the optimal analgesic for 
an individual with osteoarthritis should always involve careful consideration and thorough 
discussion of the relevant tradeoffs. 



Remaining Issues 



• The CV safety of nonselective NSAIDs has not been well studied in large, long-term clinical 
trials. Naproxen, in particular, may be associated with fewer CV risks than other NSAIDs 
and should be investigated in long-term, appropriately powered trials. 

• Large observational studies assessing the safety of NSAIDs have been helpful for assessing 
comparative benefits and harms but have generally had a narrow focus on single adverse 
events. Observational studies that take a broader view of all serious adverse events would be 
substantially more helpful for assessing the overall tradeoffs between benefits and harms. 

• The CV risks and GI benefits associated with different COX-2 selective NSAIDs may vary. 
Large, long-term trials with active and placebo-controlled arms would be needed to assess 
the safety and benefits of any new COX-2 selective analgesic. 

• Meta-analyses of the risks associated with selective COX-2 inhibitors need to continue to 
assess the effects of dose and duration as more data become available; current estimates of 
risks at lower doses and with shorter duration of exposure are less precise than estimates at 
higher doses and longer duration of exposure because of small numbers of events. 

• Large, long-term trials of the GI and CV safety associated with full-dose aspirin, salsalate, or 
acetaminophen compared with nonaspirin NSAIDs or placebo are lacking. Recent 
observational data suggesting an increased CV risk with heavy use of acetaminophen 
highlight the need for long-term, appropriately powered clinical trials. 

• Given the large number of patients who meet criteria for aspirin prophylaxis for CV events, 
more trials evaluating the dose-related effects of aspirin .50- 1500 mg on GI benefits and CV 
safety are needed. 

• The effects of alternative dosing strategies such as intermittent dosing or drug holidays have 
not been assessed. Studies evaluating the benefits and risks associated with such strategies 
compared with conventional dosing could help clarify the effects of these alternative dosing 
strategies. In addition, although there is speculation that once daily versus twice daily dosing 
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of certain COX-2 inhibitors could reduce CV risk, this hypothesis has not yet been tested in a 
clinical trial. 

• N4ost trials showing therapeutic benefits from glucosamine were conducted using 
pharmaceutical-grade glucosamine not available in the United States and may not be 
applicable to currently available over-the-counter preparations. Large trials comparing 
currently available over-the-counter preparations of glucosamine and chondroitin with oral 
NSAIDs are needed, as these are likely to remain available even if the FDA approves 
pharmaceutical-grade formulations. 

• No topical NSAIDs are FDA approved in the United States, yet compounding of NSAIDs is 
widely available. Although recent trials of topical NSAIDs are promising, most have been 
conducted using a proprietary formulation of diclofenac with DMSO, which is not approved 
in the United States for use in humans. Cohort studies using large observational databases 
may be required to adequately assess CV risk. 

As this report was going to press, two relevant meta-analyses on risks associated with 
NSAIDs were published. We were unable to fully incorporate these studies into this report, but 
found their results generally consistent with our conclusions: 

■ A fair-quality meta-analysis of arrhythmia and renal event (peripheral edema, 
hypertension, or renal dysfunction) risk from 1 14 randomized trials of COX-2 selective 
NSAIDs found rofecoxib associated with increased risks of arrhythmia (primarily 
ventricular fibrillation, cardiac arrest, or sudden cardiac death) and renal dysfunction 
(peripheral edema, hypertension, or renal dysfunction) relative to control treatments 
(placebo, other NSAIDs, or mixed/other) . The increased risk was equivalent to 
approximately 1.1 additional arrhythmia events per 1,000 patients treated with rofecoxib. 
Celecoxib was associated with lower risks of renal dysfunction and hypertension than 
control treatments, although there was no difference for the pre-specified, primary 
composite renal outcome of peripheral edema, hypertension, renal dysfunction or 
arrhythmia. There was no clear association between other COX-2 inhibitors 
(valdecoxib/parecoxib, etoricoxib, or lumiracoxib) and either arrhythmia or renal events 
(no arrhythmia events reported with lumiracoxib). 

■ A good-quality meta-analysis of cardiovascular risk (primarily myocardial infarction) 
from 23 observational studies was largely consistent with our qualitative assessment of 
the observational literature. It found rofecoxib associated with a dose-dependent, 
increased risk of cardiovascular events that was detectable during the first month of 
treatment. Of the other NSAIDs, diclofenac was associated with the highest risk, 
followed by indomethacin and meloxicam. Celecoxib, naproxen, piroxicam, and 
ibuprofen were not associated with increased risks. Assessments of increased risk were 
modest (relative risks all <2.0), and all of the main analyses were associated with 
substantial between-study heterogeneity. 
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Chapter! Introduction 



Osteoarthritis, the most common form of arthritis, is associated with substantial disability and 
reduced quality of life. 2 Among U.S. adults aged 30 or older, approximately 6% have 
symptomatic osteoarthritis of the knee, and 3% have symptomatic osteoarthritis of the hip. 3 
Osteoarthritis increases with age, with the incidence and prevalence increasing 2- to 10-fold from 
age 30 to 65, and continues to increase after age 65. 4 Osteoarthritis accounts for more disability 
in walking, stair climbing, and other tasks requiring use of the lower extremities than any other 
disease, particularly in the elderly. 3 The total costs for arthritis, including osteoarthritis, may be 
greater than 2% of the gross domestic product, 3 with more than half of these costs related to 
work loss. 3 

In addition to non-pharmacologic interventions (such as physical therapy, weight reduction, 
and exercise), numerous medications and over-the-counter supplements are available to treat 
pain and potentially improve functional status in patients with osteoarthritis. Each class of 
medication or supplement is associated with a unique balance of risks and benefits. In addition, 
efficacy and safety may also vary for individual drugs within a class. Oral medications 
commonly used to treat osteoarthritis include nonsteroidal anti-inflammatory drugs (NSAIDs) 
and acetaminophen (Appendix A). Many are available at lower over-the-counter and higher 
prescription doses. Commonly used supplements sold over-the-counter and not regulated as 
pharmaceuticals by the FDA include glucosamine and chondroitin. Topical agents frequently 
used by patients with osteoarthritis are rubefacients (including capsaicin), NSAIDs, and other 
miscellaneous preparations. 6 Opioid medications are also used for patients with chronic pain, 
especially if it is refractor}'' to other therapies, but are not recommended for first-line treatment 
for osteoarthritis or other conditions because of risks of addiction, tolerance, diversion, and other 
adverse events. 7,8 

NSAIDs exert analgesic, anti-inflammatory, and anti-pyretic effects by blocking cyclo- 
oxygenases (COX), enzymes that are needed to produce prostaglandins. Understanding of the 
pharmacology of NSAIDs continues to evolve, but it is now thought that most NSAIDs block 
three different COX isoenzymes, known as COX-1, COX-2, and COX-3. COX-2, found in joint 
and muscle, contributes to pain and inflammation. Because they block COX-2, non-steroidal 
anti-inflammatory drugs reduce pain compared to placebo in patients with arthritis, 9 low back 
pain, minor injuries, and soft tissue rheumatism. Less is known about COX-3, which has been 
found in the cerebral cortex and cardiac tissue and appears to have effects on centrally-mediated 
pain. 1 

NSAIDs are also associated with important adverse effects. NSAIDs cause gastrointestinal 
(GI) bleeding because they also block the COX-1 enzyme, which protects the lining of the 
stomach from acid. In the 1990s in the United States, nonaspirin NSAIDs are estimated cause 
32,000 hospitalizations and 3,200 deaths annually from GI bleeding. 11 A risk analysis 12 based on 
a retrospective case-control survey of emergency admissions for upper GI disease in two United 
Kingdom general hospitals provided useful estimates of the frequency of serious GI 
complications from NSAIDs. 13 In people taking NSAIDs, the 1-year risk of serious GI bleeding 
ranges from 1 in 2,100 in adults under age 45 to 1 in 1 10 for adults over age 75, and the risk of 
death ranges from 1 in 12,353 to 1 in 647 (Table 1). In addition to age, prednisone use, disability 
level, and previous NSAID-induced GI symptoms are risk factors for GI bleeding. 
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Table 1. One year risk of Gl bleedinc 


i due to NSAID 


Age range (years) 


Chance of Gl bleed due to NSAID 


Chance of dying from Gl 
bleed due to NSAID 




Risk in any one year is 1 in: 


16-45 


2100 


12,353 


45-64 


646 


3800 


65-74 


570 


3353 


>75 


110 


647 


Data are from Blower, IJ recalculated in Moore" 1 and in Bandolier 14 



NSAIDs differ in their selectivity for COX-2 — how much they affect COX-2 relative to 
COX-1. Theoretically, an NSAID that blocks COX-2 but not COX-1 might reduce pain and 
inflammation in joints but leave the stomach lining alone. Appendix B l3 summarizes the 
NSAIDs and their selectivity based on assay studies (done in the laboratory instead of in living 
patients). The table gives an idea of how widely NSAIDs vary in their selectivity, but should be 
interpreted with caution. Different assay methods give different results, and assay method may 
not reliably predict what will happen when the drug is given to patients. Clinical studies, rather 
than these assay studies, are the best way to determine whether patients actually benefit from 
using more selective NSAIDs. 

In addition to their propensity to cause Gl bleeding, NSAIDs are also associated with adverse 
effects on blood pressure, renal function, and fluid retention. Mechanisms may involve 
attenuation of prostaglandin-mediated vasodilation, promotion of sodium and water retention, 
increased vascular resistance, and increased renal endothelin-1 synthesis. 16 " 18 

An association between selective COX-2 inhibitors and increased rates of myocardial 
infarction was first observed in the large, pivotal Vioxx Gastrointestinal Outcomes Research 
(VIGOR) trial comparing high-dose rofecoxib (50 mg) to naproxen 1000 mg. 19 Reasons for the 
increase in thromboembolic cardiovascular event risk are complex and not completely 
understood, but may be related in part to suppression of endothelial-derived prostaglandin 12 
formation by selective COX-2 inhibition, in the setting of unaffected platelet production of pro- 
thrombotic COX-1 mediated thromboxane A2. 20 .Blood pressure elevations associated with 
COX-2 inhibitors may also play a role in increasing cardiovascular risk. 21 On September 30, 
2004, rofecoxib was withdrawn from the market after a long-term polyp prevention trial found 
an increased risk of myocardial infarction compared with placebo On December 9, 2004, the 
US Food and Drug Administration issued a black-box warning for valdecoxib for life-threatening 
skin reactions and increased cardiovascular risk. This drug was subsequently also withdrawn 
voluntarily by the manufacturer. 23 

Aspirin, or acetylsalicylic acid, has long been known to have analgesic, anti-pyretic, and anti- 
inflammatory effects. 24 It is thought to be the most consumed medicinal drug in the world. Like 
the non-aspirin NSAIDs, aspirin's effects are due to blockade of cyclo-oxygenases. However, an 
important distinction between aspirin and non-aspirin NSAIDs is that aspirin also induces 
irreversible functional defects in platelets (although non-aspirin NSAIDs also have effects on 
platelet aggregation, they are short-lived). Because of these antiplatelet effects, low-dose aspirin 
is also used prophylactically to reduce the risk of thrombotic events. 25 However, even at doses 
of 325 mg daily or lower, the potential cardiovascular benefits must be balanced against dose- 
dependent risk of aspirin-induced adverse Gl events. Salsalate, a nonacetylated salicylate, is a 
prodrug of salicylic acid, the active metabolite of aspirin. However, salsalate is considered a 
relatively weak inhibitor of cyclo-oxygenases. 26 

Acetaminophen (also known as paracetamol) is an anti-pyretic and analgesic medication that 
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is not thought to have significant anti-inflammatory properties. Although its mechanism of 
inducing analgesia is still not completely understood, it is thought to work in part by indirectly 
decreasing production of prostaglandins through inhibitory effects involving COX-2. 16l2? 
Acetaminophen is frequently recommended as a first line agent for osteoarthritis and other pain 
conditions because of its perceived favorable safety profile — particularly with regard to ulcer 
risk. 28 

Chondroitin sulfate and glucosamine sulfate are natural compounds found in cartilage. Both 
are marketed to patients who have osteoarthritis. The precise mechanisms of action are 
unknown, but may involve promoting maintenance and repair of cartilage. Glucosamine, for 
example, has been shown to increase proteoglycan synthesis. 29 In the European Union countries, 
glucosamine is available as a prescription drug manufactured by the Rotta Pharmaceutical 
Company. In the U.S., by contrast, glucosamine and chondroitin are considered dietary 
supplements and are not regulated as pharmaceuticals. Adequate standardization of glucosamine 
and chondroitin preparations is a significant concern. It has been shown that the actual content 
often varies substantially from what is stated on the label. 30 Such inconsistencies may have 
implications on estimates of efficacy and safety for different commercial preparations. 

Topical administration of NSAIDs could theoretically result in local analgesic and anti- 
inflammatory effects by direct absorption through the skin, with reduced systemic adverse events 
compared with oral administration. 3 Experimental studies indicate that topical administration is 
associated with substantially higher concentrations of NSAIDs in soft tissue (particularly 
meniscus and cartilage) and lower peak plasma concentrations compared with oral 
administration. 6 For a topical NSAID to be effective, it has to reach the inflamed tissue in 
sufficient concentrations to produce analgesic and anti-inflammatory activity. The solubility of 
specific NSAIDs varies considerably, and is also affected by the carrier or formulation used. 31 
Superior in vivo permeability characteristics, however, may not predict clinical effectiveness. 

In contrast to topical NSAIDs, whose mechanism of action involves inhibition of cyclo- 
oxygenase, topical rubefacients are thought to relieve pain through counter irritation. 6. 
Although the mechanism of action of topical preparations containing salicylate esters is unclear, 
they are now usually classified as rubefacients rather than topical NSAIDs because they may not 
work via inhibition of cyclo-oxygenase. 6 ' 33 Capsaicin, which is also often classified as a 
rubefacient, is derived from the hot chili pepper (Capsicum species). It is applied topically and 
thought to work by stimulating the release of substance P and other neuropeptides from sensory 
nerve endings. 34 Although this release can initially lead to burning and pain, analgesia occurs 
after repeated and continued application, as substance P becomes depleted. Although a wide 
variety of other rubefacients are available, only topical salicylates and capsaicin were included in 
this review. 

The purpose of this report was to assess the comparative efficacy and safety of non-opioid 
oral medications (selective and non-selective non-aspirin NSAIDs, aspirin, salsalate, and 
acetaminophen), over-the-counter supplements (chondroitin and glucosamine), and topical 
agents (NSAIDs and rubefacients, including capsaicin) for osteoarthritis. 



Scope and Key Questions 

1. What are the comparative benefits and harms of treating osteoarthritis 
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with oral medications or supplements? How do these benefits and harms 
change with dosage and duration of treatment, and what is the evidence 
that alternative dosage strategies, such as intermittent dosing and drug 
holidays, affect the benefits and harms of oral medication use? (Note. This 

question addresses the therapeutic benefits of long-term use for the condition osteoarthritis. 
However, the question does address all harms associated with NSAID use, including use for 
other labeled indications such as the treatment of rheumatoid arthritis.) 



Oral NSAIDs include. 






• aspirin 


• 


meclofenamate sodium 


• celecoxib 


• 


mefenamic acid 


• choline magnesium 


• 


meloxicam 


trisalicylate 






• diclofenac 


• 


nabumetone 


• diflunisal 


• 


naproxen 


• etodolac 


• 


oxaprozin 


• etoricoxib* 


• 


piroxicam 


• fenoprofen 


• 


rofecoxib* 


• flurbiprofen 


• 


salsalate 


• ibuprofen 


• 


sulindac 


• indomethacin 


• 


tenoxicam* 


• ketoprofen 


• 


tiaprofenic acid* 


• ketoprofen ER 


• 


tolmetin 


• ketorolac 


• 


valdecoxib* 


• lumiracoxib* 







* These drugs are currently not approved (etoricoxib, lumiracoxib, tenoxicam, tiaprofenic acid) for use in the United States by 
the FDA or have been withdrawn from the market (rofecoxib and valdecoxib) 



Other oral agents include acetaminophen, chondroitin, and glucosamine. See Appendix A for 
a detailed listing of pharmacokinetics, indications, and recommended dosing information for all 
included drugs. Appendix C shows low, medium and high doses for the more commonly used 
NSAIDs. 

For this report, we defined the terms "selective NSAID" or "COX-2 selective NSAID" as 
drugs in the "coxib" class (e.g. celecoxib, rofecoxib, and valdecoxib). We grouped etodolac, 
nabumetone, and meloxicam into a separate category that we referred to as "partially selective 
NSAIDs," to explore how in vitro differences in COX-2 selectivity might translate into clinical 
differences in safety. The salicylic acid derivatives aspirin and salsalate were also considered a 
separate subgroup. We defined "non-aspirin, non-selective NSAIDs" or simply "non-selective 
NSAIDs" as all other NSAIDs. We included evidence on the efficacy and safety of the COX-2 
inhibitor rofecoxib, even though it is no longer available in the U.S., because it was the first drug 
to be associated with cardiovascular risks and therefore provides important historical context and 
illustrates important issues to consider when evaluating the risks and benefits of selective and 
non-selective NSAIDs. For other COX-2 inhibitors not approved by the FDA for use in the U.S. 
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(lumiracoxib and etoricoxib) or withdrawn from the market (valdecoxib), we focused only on 
evidence regarding long-term, serious GI and CV adverse events, which is likely to be the most 
important factor driving future decisions regarding their use. 

"Benefits" include relief of pain and osteoarthritic symptoms and improved functional status. 
The main outcome measures for this review were pain, functional status, and discontinuations 
due to lack of efficacy. Frequently used outcome measures include visual and categorical pain 
scales:" 0 

Visual analogue scale (VAS): Using VAS, patients indicate their level of pain, function, or 
other outcome by marking a scale labeled with numbers (such as 0 to 100) or descriptions (such 
as :: none" to "worst pain I've ever had"). An advantage of VAS is that they provide a continuous 
range of values for relative severity. A disadvantage is that the meaning of a pain score for any- 
individual patient depends on the patient's subjective experience of pain. This poses a challenge 
in objectively comparing different patients 5 scores, or even different scores from the same 
patient. 

Categorical pain scales consist of several pain category options from which a patient must 
choose (e.g., no pain, mild, moderate, or severe). A disadvantage of categorical scales is that 
patients must chose among categories that may not accurately describe their pain. A variety of 
disease-specific and non-specific scales are used to assess these outcomes in patients with 
osteoarthritis. Commonly used categorical pain scales include: 

• The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). a 24- 
item, disease-specific questionnaire used to assess the functional status of patients with 
osteoarthritis of the knee and hip. A lower score indicates better function. 36 

• The Medical Outcomes Short Form-36 (SF-36) health survey, a commonly used general 
instrument for measuring health-related quality of life across different diseases. 37 

• Patient Global Assessment of Disease Status and Investigator Global Assessment of 
Disease Status. The patient or investigator answers questions about the overall response 
to treatment, functional status, and pain response, using a VAS or categorical scale. 

• American College of Rheumatology (ACR) criteria measure disease activity and response 
to treatment. ACR 20, ACR 50, or ACR 70 reflect either an improvement to the 20%, 
50%, or 70%o level in the parameters outlined. 

Another method for measuring outcomes is classifying patients dichotomously as 
"responders" or "non-responders." Responders are often defined as patients with at least a 50% 
improvement in pain or function. The Outcomes Measures in Arthritis Clinical Trials- 
Osteoarthritis Research Society International (OMERACT-OARSI) criteria, for example, were 
developed through a consensus process and classifies patients as responders if they meet specific 
pre-defined criteria (>=50% improvement in pain or function that was >=20 mm on a 100 mm 
VAS, or a >=20% improvement in at least two of pain, function, or patient global assessment 
that was >=1 0 mm on a 1 00 mm VAS). 38 

"Harms 55 include tolerability (not having to stop the drug due to adverse effects); 
cardiovascular, hepato-, renal, and gastrointestinal toxicity; and increased risk for 
hospitalizations, drug interactions, and death. For gastrointestinal toxicity, we focused on 
serious complications associated with NSAIDs including perforation, bleeding ulcer, and gastric 
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outlet obstruction, though we also evaluated other gastrointestinal side effects (such as nausea, 
dyspepsia, and gastrointestinal tolerability. We only considered rates of endoscopic ulcers when 
data on clinical ulcer complications were incomplete or not available. 

2. Are there clinically important differences in the harms and benefits of oral 
treatments for osteoarthritis for certain demographic and clinical 
subgroups? 

• Demographic subgroups include age, sex, and race. 

• Co-existing diseases include hypertension, edema, ischemic heart disease, heart failure, 
PUD, and history of previous bleeding due to NSAIDS. 

• Concomitant medication use includes anticoagulants and aspirin. 

3. What is the evidence that the gastrointestinal harms of NSAID use are 
reduced by co-prescribing of H2-antagonists, misoprostol, or proton pump 
inhibitors? 

4. What are the benefits and safety of treating osteoarthritis with oral 
medications as compared with topical preparations? 

Topical preparations include: 

• Capsaicin 

• Diclofenac 

• Ibuprofen 

• Ketoprofen 

• other NSAIDs 

• salicylates 
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Chapter 2. Methods 



Topic Development 

The topic for this report was nominated in a public process. The key questions were 
developed by investigators from the Oregon EPC with input from a Technical Expert Panel 
(TEP) formed for this project. Contacted via teleconference, the TEP served in an advisor) 7 
capacity for this report helping to refine key questions, identify important issues, and define 
parameters for the review of evidence. 

Search Strategy 

A comprehensive search of the scientific literature was conducted to identify relevant studies 
addressing the key questions. Results from previously conducted meta-analyses and systematic 
reviews on these topics were sought and used where appropriate and updated when necessary. 
To identify systematic reviews, in addition to MEDLINE, we searched the Cochrane Database of 
Systematic Reviews and the websites of the Canadian Coordinating Office for Health 
Technology Assessment (CCOHTA), Bandolier, and the NHA Health Technology Assessment 
Programme. 

To identify articles relevant to each key question, we searched the Cochrane Database of 
Systematic Reviews (through 3 rd Quarter 2005) the Cochrane Central Register of Controlled 
Trials (through 3 rd Quarter 2005) and Ovid ©MEDLINE (1966- July, 2005.) We used relatively 
broad searches, combining terms for drug names with terms for relevant research designs, 
limiting to those studies that focused on osteoarthritis and rheumatoid arthritis (see Appendix D 
for the complete search strategy). Other sources include reference lists of review articles and 
unpublished materials from the US Food and Drug Administration (FDA). Pharmaceutical 
manufacturers were invited to submit scientific information packets, including citations if 
applicable. All 2,665 citations from these sources were imported into an electronic database 
(EndNote® 9.0) and considered for inclusion. 



Study Selection 

Systematic reviews and controlled trials pertinent to the key questions were included. We 
retrieved any blinded or open, parallel or crossover randomized controlled trial that compared 
one included drug to another, another active comparator, or placebo. We also included cohort 
and case-control studies with at least 1 ,000 cases or participants that evaluated serious 
gastrointestinal and cardiovascular endpoints that were inadequately addressed by randomized 
controlled trials. 
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Data Extraction 



The following data were extracted from included trials: study design, setting, population 
characteristics (including sex. age, ethnicity, diagnosis), eligibility and exclusion criteria, 
interventions (dose and duration), method of outcome ascertainment if available, and results for 
each outcome, focusing on efficacy and safety. We recorded intention-to-treat results if 
available. 



Quality Assessment 



Assessing Research Quality 

We assessed the internal validity (quality) of systematic reviews and randomized trials based 
on the predefined criteria listed in Appendix E. These criteria are based on those developed by 
the US Preventive Services Task Force and the National Health Service Centre for Reviews and 
Dissemination (UK). 39 We rated the internal validity of each trial based on the methods used for 
randomization, allocation concealment, and blinding; the similarity of compared groups at 
baseline; maintenance of comparable groups; adequate reporting of dropouts, attrition, crossover, 
adherence, and contamination; loss to followup; and the use of intention-to-treat analysis. Trials 
that had a fatal flaw in one or more categories were rated poor quality; trials that met all criteria 
were rated good quality; the remainder were rated fair quality. As the "fair quality" category is 
broad, studies with this rating vary in their strengths and weaknesses: the results of some fair- 
quality studies are likely to be valid, while others are only probably valid. A "poor quality" trial 
is not valid — the results are at least as likely to reflect flaws in the study design as the true 
difference between the compared drugs. 

Included systematic reviews were also rated for quality based on pre-defined criteria (see 
Appendix E) assessing whether they had a clear statement of the questions(s), reported inclusion 
criteria, used an adequate search strategy, assessed validity, reported adequate detail of included 
studies, and used appropriate methods to synthesize the evidence. We included systematic 
reviews and meta-analyses that included unpublished data inaccessible to the public, but because 
the results of such analyses are not verifiable, we considered this a methodological shortcoming. 

For assessing the internal validity of observational studies, we evaluated whether they used 
nonbiased selection methods; whether rates of loss to follow-up were acceptable; whether pre- 
defined outcomes were specified; whether they used appropriate methods for ascertaining 
exposures, potential confounders, and outcomes; and whether they performed appropriate 
statistical analyses of potential confounders. Although many tools exist for quality assessment of 
nonrandomized trials, there is no consensus on optimal quality rating methods. 40 We therefore 
did not use a formal scoring system to rate the quality of the observational studies included in 
this review, but noted methodological deficiencies in any of the above areas when present. 

Assessing Research Applicability 

The applicability of trials and other studies was assessed based on whether the publication 



24 



adequately described the study population, how similar patients were to the target population in 
whom the intervention will be applied, whether differences in outcomes were clinically (as well 
as statistically) significant, and whether the treatment received by the control group was 
reasonably representative of standard practice. We also recorded the funding source and role of 
the sponsor. 

Rating a Body of Evidence 

Overall quality ratings for an individual study were based on ratings of the internal and 
external validity of the trial. A particular randomized trial might receive two different ratings: 
one for efficacy and another for adverse events. The overall strength of evidence for a particular 
key question reflects the quality, consistency, and power of the set of studies relevant to the 
question. 

We assessed the overall strength of evidence for a body of literature about a particular key 
question, by examining the type, number and quality of studies; the strength of association; the 
consistency of results within and between study designs; and the possibility for publication bias. 
Consistent results from good-quality studies across a broad range of populations suggest a high 
degree of certainty that the results of the studies were true (that is, the entire body of evidence 
would be considered "good-quality.") For a body of fair-quality studies, however, consistent 
results may indicate that similar biases are operating in all the studies. Unvalidated assessment 
techniques or heterogeneous reporting methods for important outcomes may weaken the overall 
body of evidence for that particular outcome or make it difficult to accurately estimate the true 
magnitude of benefit or harm. 



Data Synthesis 



Effectiveness Versus Efficacy 

Throughout this report, we highlight effectiveness studies conducted in primary care or 
office-based settings that use less stringent eligibility criteria, assess health outcomes of most 
importance to patients, and have longer follow-up periods than most efficacy studies. The results 
of effectiveness studies are more applicable to the "average" patient than results from highly 
selected populations in efficacy studies. Examples of "effectiveness" outcomes include quality 
of life, global measures of successful treatment, and the ability to work or function in social 
activities. These outcomes are more important to patients, family, and care providers than 
surrogate or intermediate measures such as scores based on psychometric scales. Further 
discussion of these issues is available at 
http://effectivehealtlKare.ahrq.ROv/reference/purpose.cfin 

Data Presentation 

We constructed evidence tables showing study characteristics, quality ratings, and results for 
all included studies. We also performed two quantitative analyses for this review. An important 
limitation of observational studies of NSAIDs is that none simultaneously assessed the risk for 
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serious cardiac and GI events. We therefore re-analyzed data from a set of observational studies 
that reported rates of three different serious adverse events in the same population. We assumed 
that the adverse events occurred independently and that the logarithm of the rate ratios was 
distributed normally. After estimating the effect (number of events prevented or caused) for 
each of the three adverse events, we estimated the net effects on all three serious adverse events 
using Monte Carlo simulation. 

We also pooled clinical success rates and withdrawal due to adverse events from head-to- 
head trials of topical versus oral NSAIDs using a random effects model (Dersimonian-Laird 
method, using RevMan® statistical software). We performed standard chi-square tests for 
heterogeneity. Because only four trials were available for pooling, we did not attempt meta- 
regression analyses to evaluate potential sources of heterogeneity. 
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Chapter 3. Results 



Overview 



Searches identified 2,789 publications: 1,522 from the Cochrane Central Register of 
Controlled Trials, 68 from the Cochrane Database of Systematic Reviews, 1015 from MEDLINE 
and 184 from the combination of other sources listed above. There were also 59 studies not 
previously reviewed for inclusion that were suggested through peer review or public comment or 
published after the searches were conducted. Following application of inclusion criteria, 351 
publications were included in this review. 

Key Question 1a. What are the comparative benefits and harms 
of treating osteoarthritis with oral medications or supplements? 

Benefits: Effectiveness and Efficacy 
Effectiveness Studies 

No controlled clinical trials of COX-2 inhibitors and/or NSAIDs met all major criteria for an 
effectiveness study (conducted in mainly primary care or office-based settings, used broad 
enrollment criteria, and evaluated longer-term, i: real-life 55 outcomes). 

Efficacy 

Non-selective NSAIDs vs. other NSAIDs. Several good-quality systematic reviews by the 
Cochrane Collaboration evaluated trials that compared non-aspirin NSAIDs for OA of the hip 
(trials published through 1994), 41 for OA of the back (through 1998), 10 and for OA of the knee 
(through 1997) ~ These reviews found no clear differences among non-aspirin and primarily 
non-selective NSAIDs in efficacy. There were also no differences between diclofenac and " 
sustained-release etodolac in patients with OA of the knee 43 or between piroxicam and standard 
formulation etodolac in patients with OA of the knee or hip 44 in two trials published subsequent 
to the Cochrane reviews. 

Nabumetone was similar in efficacy to the non-selective NSAIDs diclofenac SR 45 and 
etodolac 46 in two 4-week trials, as reported in the Cochrane review of OA of the knee. 42 

No studies of meloxicam, salsalate, or aspirin were included in any Cochrane reviews. We 
identified nine double-blinded trials of meloxicam 7.5 mg, 15 mg, and 25 mg versus other 
NSAIDs and found no clear or consistent differences in efficacy. 47 * 55 In two of the trials, 
however, patients taking non-selective NSAIDs were significantly less likely to withdraw due to 
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lack of efficacy than patients taking meloxicam. 

In the only head-to-head trial of salsalate (3 g) in patients with OA, efficacy was similar to 
that of 3.6 g soluble aspirin after two weeks of treatment. 36 

Celecoxib vs. non-selective NSAIDS. Celecoxib and non-selective NSAIDs were associated 
with similar decreases in symptom severity and improvements in functional capacity (PGA, 
WOMAC) after 6- to 24-weeks in five published trials of patients with primarily OA. 57-60 

A good-quality systematic review funded by the makers of celecoxib reached similar 
conclusions based on data from published and unpublished trials of at least 12 weeks 5 duration in 
patients with either OA or RA. 61 

Using an alternative endpoint, a more recent systematic review (published in 2005) with 
access to all unpublished manufacturer-held clinical trial reports reached slightly different 
conclusions about the relative efficacy of celecoxib and NSAIDs. 62 Moore et al meta-analyzed 
data from 3 lprimarily short-term (< 12 weeks) trials and concluded that celecoxib at dose of 
200-400 mg was associated with slightly higher rates of withdrawals due to lack of efficacy 
compared to non-selective NSAIDs (RR 1.1; 95% CI 1 .02, 1 .23). CLASS remains the pivotal, 
long-term study (6 to 13 months) of celecoxib in patients with rheumatoid and osteoarthritis. It 
randomized a total of 7,968 patients to celecoxib or the non-selective NSAIDs ibuprofen or 
diclofenac, A higher proportion of non-selective NSAID patients withdrew due to lack of 
efficacy (14.8% vs. 12.6%, p=0.005). However, CLASS focused on assessment of adverse 
events rather than efficacy, and other efficacy results were reported. SUCCESS- 1, a shorter (12- 
week), double-blind, randomized trial of 13,274 patients with osteoarthritis, found no clinically 
meaningful differences between celecoxib 100 mg or 200 mg twice daily and the non-selective 
NSAIDs diclofenac or naproxen. 63 

Rofecoxib vs. non-selective NSAIDs. _We were unable to determine whether all 
manufacturer-sponsored trials of rofecoxib versus NSAIDs have been published. 19,64 " 76 All but 
one of the trials included osteoarthritis patients, and all but two 70, 72 were supported by the 
manufacturer of rofecoxib. All but two of the OA trials 73,76 have been previously analyzed in a 
good-quality Cochrane review. 77 Conclusions of the Cochrane review are consistent with our 
findings that there were no consistent differences between rofecoxib and non-selective NSAIDs 
in efficacy for OA. In addition, a pivotal, good-quality trial (VIGOR) and a good-quality 
Cochrane review found rofecoxib equivalent to naproxen in efficacy for rheumatoid arthritis. 19 ' 78 

Valdecoxib vs. non-selective NSAIDs. In clinical trials submitted to the FDA, valdecoxib 
was as effective as ibuprofen (800 mg 3 times/day), diclofenac (75 mg twice daily), and 
naproxen (500 mg twice daily) in treating osteoarthritis symptoms. Published trials found no 
difference in efficacy between valdecoxib and naproxen 7 or ibuprofen or diclofenac. 82 A fifth 
trial found no difference in efficacy between valdecoxib 20-40 mg and slow-release diclofenac 
75 mg in treating rheumatoid arthritis. 83 

Comparisons between selective COX-2 inhibitors. We found six published randomized, 
multicenter, fair-to-good quality trials that directly compared COX-2 inhibitors for osteoarthritis 
of the knee. 84 " 89 Pharmaceutical manufacturers were reported as funding sources in all but one 
study. 88 This small (N=30), short-term (7 days), fair-quality trial found that rofecoxib 25 mg and 
celecoxib 200 mg had similar effects on patients' pain intensity, 3-hour pain relief, global 
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assessment of efficacy and rescue medication use. Two trials of higher-risk osteoarthritic 
patients with hypertension (both funded by the maker of celecoxib) found no differences in 
efficacy between rofecoxib 25 mg and celecoxib 200 mg daily, but reported a higher rate of 
adverse events with rofecoxib. 84 ' 5 

The remaining three trials appeared to enroll patients with similar demographics and baseline 
levels of pain and were more homogeneous in design (see table below). 86,87,89 All compared 
rofecoxib 25 mg qd and celecoxib 200 mg qd in patients with flare-ups of chronic osteoarthritis 
of the knee and were 6 weeks in duration. One trial, funded by the manufacturer of celecoxib, 
found no difference in efficacy between rofecoxib and celecoxib, but a higher rate of adverse 
events with rofecoxib. 86 Another (VACT, or Vioxx Acetaminophen Celecoxib Trial)* 1 trial, 
funded by the manufacturer of rofecoxib, found rofecoxib more effective than celecoxib, with no 
differences in rates of adverse effects. The most recent study, funded by the maker of 
celecoxib, 89 found no difference in either efficacy or adverse effects between celecoxib and 
rofecoxib. 



Table 2. Comparison of rofecoxib and celecoxib in flare-ups of chronic osteoarthritis of the knee 



Characteristic 


McKenna 0b 


Geba°' 


Gibofsky 0 * 


Rofecoxib 25mg (n) 


59 


95 


190 


Celecoxib 200mg (n) 


60 


97 


189 


Aspirin 325 qd permitted 


Yes 


No 


Yes 


Mean age 


62 


62.6 


62.9 


Mean osteoarthritis duration 


10.5 years 


10 years 


9 years 


Percent white 


80% 


n 85% 


NR 


Baseline pain on walking (score) 


72 


72 


68 


Discontinued trial by 6 wks: 
Rofecoxib 25mg 
Celecoxib 200mg 


16% 
22% 


19% 
17% 


15% 
16% 



All three trials were probably adequately randomized and blinded, and didn't have 
statistically significant differences in baseline characteristics. Gibofsky and colleagues 
hypothesized that neither McKenna nor Geba were powered sufficiently to measure differences 
between celecoxib and rofecoxib. Gibofsky viewed the McKenna study as being powered only 
to compare active treatments with placebo and the Geba study as powered to compare rofecoxib 
with acetaminophen. Therefore, Gibofsky, and colleagues set out to conduct a study powered to 
compare celecoxib and rofecoxib, with a sample size based on results of the McKenna study. 

Efficacy results are summarized in Table 3 below. Mean changes in WOMAC VAS score 
for Walking Pain were similar for celecoxib 200 mg and rofecoxib 25 mg across trials. In the 
Geba trial, rofecoxib was associated with significantly greater mean reductions than celecoxib on 
VAS scores for WOMAC Rest Pain and Night Pain and a similar mean reduction in Morning 
Stiffness. WOMAC Composite Score results from Geba and Gibofsky were conflicting. In the 
Gibofsky trial, there were no differences, but in the Geba trial, there were significant differences 
favoring rofecoxib for mean changes in the WOMAC pain (7 points) and stiffness (8 points) 
subscales. However, an analysis of data from randomized trials estimated that the minimal 
perceptible improvement for each WOMAC scale was a difference of 1 1 mm. 90 
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Table 3. Head to head efficacy comparisons at 6 weeks (mean change from baseline) 





WOMAC VAS 
Scores 








WOMAC Composite Subscales 






Walking 
pain 


Rest 
pain 


Morning 

ctiffnocc 


Night 

\ja\\ i 


Arthritis 


Pain 


Stiffness 


Function 


Total 


Geba 87 




















Rofecoxib 


-42 


-31. V 




09 7** 


nr 


-35.4* 


-35* 


-29.7 


-26 


Celecoxib 


-36.2 


-23.4 


9Q 1 




n r 
1 11 


-28.6 


-27.9 


-24.9 


-26 


McKenna 86 




















Rofecoxib 


-38 


nr 


nr 


nr 


-40 


nr 


nr 


nr 


nr 


Celecoxib 


-38 


nr 


nr 


nr 


-39 


nr 


nr 


nr 


nr 


Gibofsky 89 
Rofecoxib 


-29.2 


nr 


nr 


nr 


nr 


-42.6 


-34.7 


-35.5 


-20.1 


Celecoxib 


-31.5 


nr 


nr 


nr 


nr 


-42.0 


-36.7 


-37.9 


-22.1 



*p<0.05; **p<0.001; nr=not reported 



Safety: Serious Gastrointestinal and Cardiovascular Events 
Rofecoxib and Celecoxib: GI and CV Safety in CLASS and VIGOR 
GI Safety 

Two pivotal studies were large enough to evaluate serious complications of peptic ulcer 
disease (bleeding, perforations, obstruction) as a primary endpoint in average-risk patients (those 
without a recent UGI bleed). The VIGOR trial 19 evaluated rofecoxib versus naproxen and the 
CLASS trials 60 evaluated celecoxib versus ibuprofen and diclofenac. 

VIGOR (Vioxx Gastrointestinal Outcomes Research) Trial. VIGOR, a randomized, double- 
blind trial, compared twice the highest recommended dose of rofecoxib (50 mg daily) to 
naproxen 500 mg twice a day in 8,076 patients with rheumatoid arthritis. VIGOR found a 
statistically significant reduction in complicated upper GI events (defined as perforation, 
obstruction, or severe upper gastrointestinal bleeding. During a median follow-up of 9 months, 
the rates of confirmed upper gastrointestinal events were 3.0% vs. 1.4% (NNT to prevent one 
event 62), and the rates of complicated, confirmed upper gastrointestinal events were 0.9% vs. 
0.4% (NNT 192). 

VIGOR met all but one of the criteria for a good-quality study. The one weakness was the 
varying duration of exposure among study participants. The duration of VIGOR was designed to 
be both time and event driven, so that the trial would terminate after a minimum of 120 patients 
experienced clinical upper GI events (or 40 patients experienced complicated upper GI events) 
and for at least 6 months after randomization of the last patient enrolled. Because patients were 
enrolled over a 6-month period, patients in VIGOR were followed for varying lengths of time. 
The longest time a patient could have remained in the study was 13 months, but half of the 
patients were followed for 9 months or less, and only about 1,000 patients (13%) were followed 
for longer than 10 months. By 13 months, about 29% of the subjects had discontinued the study 
drugs. Similar proportions discontinued naproxen or rofecoxib because of an adverse event 
(naproxen — 16.1%, rofecoxib — 16.4%). 

In 2003, the VIGOR investigators published a post hoc analysis of lower GI events, defined 
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as bleeding with a 2 g/dL drop in hemoglobin or hospitalization, or hospitalization for 
perforation, ulceration, diverticulitis, or obstruction. 1 There were 1 1 events in the rofecoxib 
group and 24 events in the naproxen group (0.41 versus 0.89 per 100 patient-years; RR 0.46, 
95% CI 0.22 to 0.93). The absolute risk difference (per 100 patient-years) was -0.48 (95% CI - 
0.91 to -0.05), with a NNT of 208. When the investigators combined the analysis of lower GI 
events with previously reported results on upper GI complications (0.6 with rofecoxib versus 1.4 
with naproxen per 100 patient-years 92 ), the rates of all serious GI events were 0.96 for rofecoxib 
and 2.26 per 100 patient-years for naproxen (relative risk 0.43, 95% CI 0.27 to 0.67, NNT 77). 

CLASS (Celecoxib Long-term Arthritis Safety Study.) CLASS was designed as two trials 
with separate patient recruitment and randomization procedures: one compared celecoxib 400 
mg twice a day with ibuprofen 800 mg three times a day, and the other compared celecoxib 400 
mg twice a day with diclofenac 75 mg twice a day. 60 Because the FDA was concerned that 
selective COX-2 inhibitors could interfere with the benefits of COX-2 in ulcer healing and lead 
to a long term increase in GI complications without warning symptoms, the pre-specified 
primary outcome was "ulcer-related complications." 93 Another pre-specified outcome was ulcer 
related complications plus symptomatic ulcers. The planned maximum duration of the trials 
were 15 and 12 months, respectively, or until at least 20 ulcer-related complications occurred in 
each trial, or 45 in both trials combined. 94 The protocols stated that celecoxib would be claimed 
to be different from traditional NSAIDs only if there were statistically significant differences 
between celecoxib and each of the comparators, as well as between celecoxib versus the 
comparator groups combined. 

The CLASS trials were stopped early after the predefined threshold of ulcer complications 
occurred. However, the analysis and reporting of the results as presented in the main publication 
in JAMA were in part incomplete and differed in some ways from the protocols. The JAMA 
article reported truncated 6-month results even though the median duration of follow-up was 9 
months (range 6 to 13 months), and combined the ibuprofen and diclofenac results without 
reporting the results of the two trials separately. 60 Subsequently, additional details of the study 
have been made public on the FDA web site 94 and have been extensively analyzed. The findings 
of the FDA analysis suggest that the published results of CLASS are, in part, misleading because 
they appear to selectively report results at the point in time at which celecoxib was most 
effective. 95 ' 97 

There were 3,987 subjects randomized to celecoxib and 3,981 subjects randomized to non- 
selective NSAIDs in the CLASS trials. For the combined outcome of ulcer complications or 
symptomatic ulcers, the JAMA article reported that patients on celecoxib experienced fewer GI 
complications compared with patients in the combined NSAID groups (32/3987 versus 51/3981, 
annualized incidence rates 2.08% vs. 3.54%), p=0.02), 60 while the rate of complicated ulcers 
alone was not significantly different (13/3987 vs. 22/3981, annualized incidence rates 0.76% vs. 
1.45%, p=0.09). However, by 12 months, according to FDA documents (see Table 14, FDA 
Medical Officer Review) 94 there was no longer a trend favoring celecoxib for the primary 
outcome of complicated ulcers. There were 1 7/3987 events in the celecoxib group (0.43%) 
versus 21/3981 (0.53%) in the NSAID groups combined. 94 This difference was not statistically 
significant (relative risk 1.10, 95% CI 0.47 to 2.5 8 97,98 , also see Figure 4, Scheiman review 99 ). 
For the individual comparisons between celecoxib and ibuprofen or diclofenac, which were not 
reported in the JAMA article, there was no difference in the rate of ulcer complications at either 
6 months or at the end of follow-up. 97 For the outcome of ulcer complications or symptomatic 
ulcers, celecoxib was superior to ibuprofen, but not to diclofenac at either 6 months or at the end 
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of follow-up. 

Authors of CLASS have not completely explained the reasons for selective reporting of 
results, though they contend that combining the two trials and reporting ulcer complications plus 
symptomatic ulcers as a primary outcome were permitted by the protocols. 100, 101 However, 
reporting only combined results appears to obscure differences between the results for the two 
comparator drugs 96 The investigators' main argument for reporting truncated data is that results 
after 6 months were not interpretable because of high and differential rates of drop-outs due to 
symptomatic ulcers, which could have biased results against celecoxib because of depletion of 
high-risk patients in the non-selective NSAID arms. 100, 101 On closer inspection, however, this 
rationale appears flawed, as neither symptomatic ulcers nor gastrointestinal symptoms predicted 
ulcer complications. 96 Furthermore, simply truncating data is not considered an acceptable 
method for resolving issues related to high drop-out rates. 

Twenty per cent of the patients in the CLASS trial took aspirin in addition to their study, 
drug. When patients taking aspirin were excluded from the analysis, there were fewer confirmed 
serious ulcer complications in the celecoxib group than in the ibuprofen group (p=0. 03). 94,97 
However, serious ulcer complications for celecoxib and diclofenac were equivalent even when 
patients taking aspirin were excluded from the analysis. 

Changes in hemoglobin or hematocrit were not a primary outcome of CLASS and were not 
reported in the main JAMA publication. However, rates of significant hemoglobin (>2 g/dL) 
and/or hematocrit drops (>=0.10), a surrogate marker for GI blood loss, are available from the 
FDA Medical Officer Review. 94 Over the entire study period, patients randomized to celecoxib 
were significantly less likely to experience declines in these laboratory parameters (87/3701 or 
2.4%) relative to patients randomized to either diclofenac (82/1849 or 4.4%) or ibuprofen 
(102/1802, 5.7%). Celecoxib was also superior when patients were stratified according to aspirin 
use (4.1% vs. 6.9% and 7.5%) or non-use (1.9% vs. 3.7% and 5.2%). However, the significance 
of these findings is unclear as they were not associated with differences in clinically relevant 
outcomes (such as rates of MI, angina, or congestive heart failure). 

In summary, the CLASS trials did not demonstrate a statistically significant advantage over 
either diclofenac or ibuprofen for the primary endpoint of complicated ulcers for all patients 
enrolled over the full duration of follow-up. Celecoxib appeared superior to ibuprofen, but not 
diclofenac, in a subgroup of subjects not taking aspirin. In its decision regarding labeling for 
celecoxib, the FDA agreed with its Advisory Committee recommendations that CLASS did not 
demonstrate a safety advantage in upper gastrointestinal safety for celecoxib compared with 
either ibuprofen or diclofenac. 102 

Comparison between VIGOR and CLASS. There are several possible reasons why 
rofecoxib (VIGOR), but not celecoxib (CLASS), significantly reduced ulcer complications. First, 
patient populations and study designs differed. VIGOR included patients aged 50 or older with 
rheumatoid arthritis, while CLASS had a broader age range of patients with either osteoarthritis 
or rheumatoid arthritis. VIGOR also prohibited the use of aspirin while CLASS did not. 
However, the rate of ulcers in the patients taking a control drug was almost three times as high in 
VIGOR as in CLASS, although rates of ulcer complications were similar. In addition, VIGOR 
compared rofecoxib to naproxen and CLASS compared celecoxib to diclofenac and ibuprofen. 
This could have affected the results if the non-selective comparator NSAIDs are associated with 
differential risk of ulcers. Finally, it is possible that rofecoxib, which has greater COX-2 
selectivity, is truly more gastroprotective than celecoxib. 
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CV Safety 



CV risk in VIGOR. Findings from the VIGOR trial raised concerns that the putative GI 
safety benefits of COX-2 selective NSAIDs relative to non-selective NSAIDs mav have come at 
the expense of increased cardiovascular events. The main publication of VIGOR/ 9 reported that 
;i the incidence of myocardial infarction was lower among patients in the naproxen group than 
among those in the rofecoxib group (0.1 percent vs. 0.4 percent; relative risk, 0.2; 95 percent 
confidence interval, 0.1 to 0.7); the overall mortality rate and the rate of death from 
cardiovascular causes were similar in the two groups." This corresponds to one additional heart 
attack for even' 333 patients treated with rofecoxib instead of with naproxen. A re-analysis of 
VIGOR with three additional myocardial infarctions not included in the results originally 
submitted for journal publication estimated a relative risk for myocardial infarction of 5.00 (95% 
CI 1.68 to 20.13) for rofecoxib compared with naproxen among all patients, and 3.00 (95% CI 
0.91 to 12.78) among patients in whom aspirin was not indicated. 1 For patients who had 
indications for aspirin, 8 Mis occurred during 105 person-years of exposure to rofecoxib, 
compared with no Mis during 102 person-years of exposure to naproxen. Blinded adjudication of 
the VIGOR trial data classified 45/4047 (one in every 90) rofecoxib patients and 19/4029 (one in 
212) naproxen patients as having serious thrombotic events (heart attack, stroke, unstable angina, 
transient ischemic attack, resuscitated cardiac arrest, and sudden death). 104 This corresponds to 
one additional serious thrombotic event for every 156 patients taking rofecoxib. 

CV risk in CLASS. The original publication of the CLASS trials, using 6-month data, 
reported that celecoxib had no effect on the rate of myocardial infarction or for any 
cardiovascular event (stroke, myocardial infarction, or angina) compared with diclofenac and 
ibuprofen. 0 The number of myocardial infarctions was 10/3987 (0.3%) with celecoxib versus 
1 1/3981 (0.3%) with the non-selective NSAIDS). The full CLASS data on thrombotic events 
were analyzed in more detail by White and colleagues, 105 who also found no differences in the 
rates of any significant cardiovascular event for the overall sample or for the subgroup who did 
not use aspirin. For the overall sample, myocardial infarctions occurred in 19/3987 (0.5%) of 
patients on celecoxib and 13 (0.3%) on diclofenac or ibuprofen. In fact, more detail about the 
design of the CLASS trials is necessary to judge the validity and generalizability of these results. 
In particular, reporting of longer-term data is important because 6 months of exposure to 
celecoxib may not be enough time to assess cardiovascular risk. At 8 months in the VIGOR trial 
there was no significant difference between rofecoxib and naproxen in the cumulative incidence 
of events. From 8 to 12 months, differences in the incidence of myocardial infarction between 
rofecoxib and naproxen became apparent (Figure 1 of Mukherjee ). This observation could be 
due to increased power due to a larger number of events with longer follow-up, or in part to a 
duration-dependent increase in risk. Based on the pattern observed in VIGOR, if celecoxib is 
associated with an increased risk of cardiovascular events, it may not be seen until 10 or 12 
months of folio wup. In the VIGOR trial, 2,140 subjects, about one-fourth of the original sample, 
were available for 10 months of followup, and 1,045 were available for 12 months. In the 
CLASS trials, 2,770 subjects, about one-third of the original sample, had at least 9 months of 
follow-up, and 1,126 had at least 12 months of follow-up, suggesting that an analysis should 
have been able to detect an increased risk of cardiovascular events similar to that observed in 
VIGOR, if it was present (see Table 4, FDA Medical Officer Review 94 ). 

White and colleagues argue that their meta-analysis shows that celecoxib is safer than 
rofecoxib. 05 To support their argument, they note that the annualized rate of all cardiovascular 
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tliromboernbolic events in the naproxen group in the VIGOR trial and the non-aspirin celecoxib 
users in the CLASS trial were similar. However, this comparison of rates across the VIGOR and 
CLASS studies is imprecise. After 8 months, about 0.4% of naproxen patients had experienced 
an event in VIGOR ; compared to about 0.8% of non-aspirin celecoxib users in CLASS. It is not 
clear whether or not this is a statistically significant difference. By contrast, Mukherjee and 
colleagues suggested that the selective NSAlDs as a class might be associated with an increased 
risk of myocardial infarction because the 0.8% rate of myocardial infarction on celecoxib in the 
CLASS trials and the 0.74% rate on rofecoxib in VIGOR are both higher than the 0.52% rate 
observed in a meta-analysis 107 of patients receiving placebo in studies of aspirin prophylaxis. 106 
In our opinion, all of these conclusions are unsubstantiated because they involve cross-trial and 
historical comparisons. 

The importance of analyzing longer-term data and assessing dose effects are underscored by 
the results of the lone-term Adenoma Prevention with Celecoxib (APC) trial in a different 
population — that of patients receiving celecoxib for colorectal polyp prevention. This trial, 
which randomized patients to celecoxib versus placebo, was terminated after 33 months because 
of a higher rate of cardiovascular events (death from cardiovascular causes, myocardial 
infarction, stroke, or heart failure) in the celecoxib arms. According to Figure 1 in the main 
publication of this trial, 108 the difference in rates of events became most apparent only after 
twelve to eighteen months. There was also a non-significant increase in risk with higher 
compared to lower doses of celecoxib. Compared with placebo, the relative risk of 
cardiovascular events in patients randomized to celecoxib 400 mg twice daily was 3.4 (95% CI 
1.4 to 8.3) compared to 2.5 (95% CI 1.0 to 6.3) in patients randomized to 200 mg twice daily. 108 
Much of the increased risk was due to differences in rates of fatal or nonfatal myocardial 
infarctions, which occurred in 22/1 356 (1.6%) of celecoxib users and 3/679 (0.4%) of patients on 
placebo. 109 On the other hand, data from PreSAP, 110 another polyp prevention trial, and 
preliminary data from ADAPT, 111 an Alzheimer's prevention trial, found no significant increase 
in cardiovascular events with celecoxib 400 mg once daily (PreSAP, RR 1.3, 95% CI 0.6 to 
2.6 109 ) or 200 mg twice daily (ADAPT) compared to placebo. However, the lack of an 
association could be due to insufficient power to detect a difference because of the small number 
of myocardial infarctions associated with celecoxib in these trials (2 in ADAPT 112 and 9 in 
PreSAP 109 ). Alternatively, the smaller relative risk in PreSAP relative to APC could be related 
to a higher placebo event rate in PreSAP (7.2 versus 3.4 per 1000 patient-years). 109 SUCCESS-I, 
a recently published, large (N= 13,274) trial of osteoarthritis patients, also reported no significant 
difference in rates of cardiovascular tliromboernbolic events with celecoxib 100 mg or 200 mg 
twice daily versus diclofenac or naproxen (10 events or 0.55/100 patient-years in the combined 
celecoxib arms versus 1 event or 0. 1 1/100 patient-years in the non-selective NSAID arms, 
p=0. 1 1), but may have been too short in duration (12 weeks) and have recorded too few events to 
detect a difference. 

Overall rate of serious adverse events in CLASS and VIGOR. One Canadian analysis used 
FDA materials to analyze the rates of serious adverse events, defined as death, hospitalization, or 
"any life-threatening event, or event leading to severe disability" in the CLASS and VIGOR 
trials. 113 This measure combines the rates of serious upper GI complications (in which coxibs are 
expected to have an advantage over NSAIDs) with other serious adverse events. The numbers of 
all serious adverse events were drawn directly from FDA materials, pages 7 and 8 (rofecoxib 114 ) 
and 57 (celecoxib 94 ). 
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In the Canadian re-analysis, shown in Table 4, the rates were calculated using the number of 
patients as the denominator. These simple rates are compared with the number of serious upper 
GI events, which constitute only about 10% of all serious adverse events (the two rightmost 
columns in the table). Using all serious adverse events as the criterion for "harm." the number- 
needed-to-harm one person was 82 for celecoxib vs. diclofenac. 129 for celecoxib vs. ibuprofen, 
100 for celecoxib vs. diclofenac and ibuprofen. and 65 for rofecoxib vs. naproxen. The Canadian 
authors also pooled the results for celecoxib and rofecoxib, assigning more weight to VIGOR, 
which had a longer duration than CLASS. In the pooled analysis, the number needed to harm 
was 78 for the selective COX-2 inhibitors versus non-selective NSAIDs and was statistically 
significant. 



Table 4. Re-analysis of the CLASS and VIGOR Trials 113 



Trial 


ALL SERIOUS ADVERSE EVENTS 


SERIOUS UPPER GI EVENTS 


Treatment 


Control 


Treatment 


Control 


CLASS bU 
(Celecoxib 400 
mg) 


270/3987 (6.8%) 


230/3981(5.8%) 


20/3987 (0.5%) 


24/3981 (0.6%) 


VIGOR iy 
(Rofecoxib 50 mg) 


378/4047 (9.3%)* 


315/4029 (7.8%) 


16/4047 (0.4%)* 


37/4029 (0.9%) 



^statistically significant vs. control group. 



For the VIGOR trial, the FDA calculated rates of serious adverse events in exactly the same 
manner as the Canadian investigators. 114 The FDA analysis shows that the rates of each serious 
adverse event (except GI adverse events) were higher for rofecoxib than for naproxen. For the 
CLASS trials, the FDA used patient-years as the denominator instead of a simple proportion to 
calculate rates of serious adverse events. 94 This approach was used because the two trials that 
make up CLASS had different durations. In the FDA analysis, the rates of all serious adverse 
events combined were 1 1.6 per 100 patient-years for celecoxib; 10.3 per 100 patient-years for 
diclofenac, and 10.6 per 100 patient-years for ibuprofen, a difference that was not statistically 
significant. 

In summary, the FDA data clearly show that these two coxibs, in doses higher than those 
commonly used in practice, do not reduce the overall rate of serious adverse events, and may 
have increased them. It should be noted, however, that not all serious adverse events are equal in 
importance to patients and physicians. A reduction in the rate of one kind of adverse event might 
be considered more important than an increase in another one. 

Rofecoxib and Celecoxib: Further Analyses of CV Toxicity and GI Safety 

The GI and CV risk profiles of celecoxib and rofecoxib relative to one another and to 
NSAIDs, placebo, or no treatment have also been assessed in numerous meta-analyses of 
randomized trials and observational studies. We were unable obtain final results of one 
systematic review evaluating the GI safety associated with selective and non-selective NSAIDs 
in time to include it in this report. 115 However, analyses of GI safety with celecoxib and 
rofecoxib in this systeamtic review were based on results from CLASS, 60 VIGOR, 19 the then- 
unpublished SUCCESS-1 trial of celecoxib, 116 and two previously published meta-analyses 117 ' 118 
(all included in this report). 
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Systematic Reviews and Meta-analyses of GI Safety 

Rofecoxib. VIGOR remains the only individual trial large enough to adequately assess rates 
of upper GI complications with rofecoxib and non-selective NSAIDs in patients with arthritis. 
However, the manufacturer of rofecoxib also sponsored a prospective meta-analysis of GI safety 
from eight smaller phase 2b/3 osteoarthritis trials (N=5425). It found the 12-month combined 
incidence of perforations, symptomatic ulcers, and upper GI bleeding significantly lower with 
rofecoxib compared to non-selective NSAIDs (1.3% vs. 1.8%, P=0.046; rate per 100 patient- 
years 1.33 vs. 2.60, RR 0.51, 95% CI 0.26 to 1.00). The rate of ulcer complications alone, 
however, was not reported. A Food and Drug administration review has been critical of several 
aspects of this meta-analysis. 119 It notes that it is not clear how assiduously investigators of the 
trials adhered to the pre-specified protocols (for example, by not delivering the prespecified type 
of primary source material mandated in the original protocol), and that most (50 of 62) cases 
were unblinded before the adjudication process occurred. In addition, the FDA review suggests 
that simple pooling and comparisons of the rofecoxib and the non-selective NSAIDs outcomes 
may be misleading because study duration varied, different patient withdrawal criteria were 
applied, different diagnostic surveillance methods (including endoscopic surveillance in two 
trials) were employed, doses of rofecoxib varied, and different comparator NSAIDs were used. 
Rates of complicated ulcers at 12 weeks, for example, were substantially higher in patients on 
ibuprofen (1.12%) compared with diclofenac (0.19%). Further, combining symptomatic ulcers 
and ulcer complications may be less informative because the morbidity associated with ulcer 
complications is substantially higher than the morbidity associated with symptomatic ulcers. 
Data reported on the FDA web site (page 78) indicate that only six complicated ulcers in 3,357 
patients on rofecoxib and five in 1,564 patients on non-selective NSAIDs (cumulative incidence 
at 12 months 0.45% vs. 0.55%) occurred; the difference was not statistically significant (relative 
risk using Cox proportional hazards model 0.51, 95% CI 0. 1 6 to 1 .69). 119 

An updated meta-analysis of 20 trials sponsored by the manufacturer of rofecoxib (excluding 
VIGOR) reported 0.21 vs. 0.45 confirmed complicated PUBs per 100 patient-years of exposure 
(p=0.03) among 10,026 subjects randomized to rofecoxib and 7,046 to non-selective NSAIDs. 
However, this meta-analysis was rated fair-quality because it did not evaluate the effects of study 
quality, duration of therapy, or dose (about 30% of patients received 12.5 mg of rofecoxib, about 
50% received 25 mg, and about 10% received 50 mg). 120 With regard to duration of exposure, 
the results as presented in this study are somewhat misleading, as the rate of PUBs are reported 
as occurring over 24.8 months (last point in time at which there were >200 patients left in each 
treatment group), even though the median duration of exposure was only 3 months. Only one- 
quarter of the patients receiving rofecoxib had over 6 months of exposure. 

The only randomized controlled trial evidence clearly demonstrating a lower risk of 
complicated ulcers with long-term use of rofecoxib compared with non-selective NSAIDs 
therefore comes from VIGOR, which evaluated a higher-than-conventional dose of 50 mg of 
rofecoxib. Although the most recent meta-analysis reporting rates of complicated ulcers is 
consistent with VIGOR, its results appear primarily applicable to patients with shorter-term (<6 
months) exposure to rofecoxib. 

Celecoxib. One manufacturer-funded, fair-quality meta-analysis examined the endpoint of 
"UGI ulcer complications" in 14 RCTs of celecoxib (not including CLASS) versus placebo or 
non-selective NSAIDs (usually naproxen). 121 The trials ranged in duration from 2 to 24 weeks, 
with most lasting 6 or 12 weeks. The strength of this meta-analysis was that the endpoint upper 
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GI bleeding with endoscopic findings of an ulcer or large erosion, perforation, or gastric outlet 
obstruction — was similar to those used in the VIGOR and CLASS trials. A Safety Committee 
adjudicated potential ulcer complications in a blinded manner. These endpoints were ascertained 
through a monitoring program that appears to have been superimposed on all of the trials; it is 
not clear how assiduously investigators complied with this program. Not all of the included trials 
have been published, and their quality was not assessed as part of the meta-analysis. In addition, 
like the meta-analysis of rofecoxib trials described above, results of the trials were simply pooled 
despite differences in dose of celecoxib, duration of therapy, or which comparator NSAID was 
used. In the 14 trials, there were 2 UGI ulcer complications among 6,376 patients in the 
celecoxib group (3 per 10,000), 9 among 2,768 in the NSAIDs group (33 per 10,000) and none in 
the placebo group (0/1,864). This corresponded to annual rates of two per 1,000 per year for 
celecoxib and about 1 7 per 1 ,000 per year for NSAIDs (p=0.002). 

There are several possible reasons why the results of the meta-analysis differed from those of 
CLASS, which did not clearly show a decreased risk of UGI ulcer complications for celecoxib 
compared to diclofenac and ibuprofen. First, the incidence of serious ulcer complications in 
CLASS was much higher than in the trials included in the meta-analysis. In the CLASS trials, 
the annualized rate of serious ulcer complications was 7.6 per 1,000 per year for celecoxib and 
14.5 per 1,000 per year for the two NSAIDs combined. 60 The nearly four-fold higher rate of 
ulcer complications in the CLASS trials compared to the other celecoxib trials could be due in 
part to enrollment of a higher-risk population, the use of concomitant medications, the dose of 
celecoxib evaluated, or other factors. In CLASS, for example, 21% of patients randomized to 
celecoxib were on aspirin and 30.6% on corticosteroids. By contrast, only 12.4% of patients in 
the meta-analysis were taking aspirin, and 13.5% were on corticosteroids. 121 In addition, 
antiulcer medications (except for occasional antacids) were prohibited in CLASS, but used in 
16.5% of celecoxib patients in the meta-analysis. Another potential explanatory factor is that the 
high dose of celecoxib used in CLASS — 400 mg twice daily — was evaluated in only about 10% 
of the patients in the meta-analysis. It is possible that using higher doses of celecoxib could 
attenuate GI safety benefits because of incomplete COX-2 selectivity. Finally, different 
comparator NSAIDs could be associated with different risks of GI complications. In the meta- 
analysis, six trials (N=6151) compared celecoxib to naproxen versus only three trials (N-2439) 
that compared celecoxib to diclofenac or ibuprofen (the drugs evaluated in CLASS). Pooling 
data from trials evaluating different comparator NSAIDs could obscure differential effects on GI 
safety if they were present. 

iVIoore, McQuay and others conducted a separate meta-analysis of celecoxib trials for 
osteoarthritis or rheumatoid arthritis, with funding from Pfizer and the Oxford Pain Relief 
Trust. 62 The authors obtained a declaration from Pfizer that they had received information on all 
completed clinical trials of celecoxib and would be permitted to publish the results no matter 
what their findings showed. However, much of the data on which this meta-analysis was based 
remains inaccessible to the public. The unpublished data used in this meta-analysis add value in 
that they may help provide the most comprehensive and precise estimates of adverse events. 
However, although the meta-analysis methods appeared appropriate, it is impossible to verify 
whether the meta-analysis assessed validity appropriately, abstracted outcomes correctly, or 
otherwise confirm the reproducibility of the meta-analysis. 

Moore and colleagues reviewed over 180,000 pages of company documents, which included 
detailed information on study methods. All 3 1 included trials were rated 5 out of 5 on the Jadad 
quality scale, and 16 out of 16 on an eight-item validity scale. Only two of the 31 trials were 
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longer than 12 weeks in duration. The meta-analysis found celecoxib associated with a lower 
risk of hemoglobin fall of 20 g/L or more (a marker for a significant GI bleed) (RR 0.72, 95% CI 
0.56 to 0.92) and hematocrit fall of 5% or more (RR 0.78, 95% CI 0.69 to 0.89) compared with 
non-selective NSAIDs. 62 Although the risk of complicated ulcers was not evaluated as a separate 
outcome, celecoxib was also associated with a lower risk of clinical ulcers and bleeds than non- 
selective NSAIDs in 18 trials (RR 0.61, 95% CI 0.46 to 0.81). When the analysis was limited to 
trials evaluating doses of 200 or 400 mg daily of celecoxib (in other words, excluding the results 
of CLASS), the benefit was more pronounced (RR 0.35, 95% CI 0.22 to 0.56). 

The largest (N-13,274) randomized controlled trial (SUCCESS-1) of celecoxib (included in 
the Moore meta-analysis) assessed ulcer complications through 12 weeks. 63 It found that in 
patients with osteoarthritis, celecoxib was associated with a lower incidence of ulcer 
complications than naproxen or diclofenac (0.1% versus 0.8%, OR 7.02, 95% CI 1.46 to 33.8; 
p=0.008). Post hoc analysis indicated that non-aspirin users in the non-selective NSAID groups 
had a significantly higher risk of ulcer complications when compared to non-aspirin users in the 
celecoxib group (OR= 12.05, 95% CI 1.45-100.09.) Among aspirin users, there was no 
statistically significant difference in the rates of ulcer complications for both NSAIDs and 
celecoxib. 63 

Systematic Reviews and Meta-analyses of CV Toxicity 

Rofecoxib. VIGOR and other randomized trials of rofecoxib have been extensively re- 
examined to further explore its cardiovascular risk profile. Many questions have been raised in 
response to the disparate findings of these analyses and a myriad of possible explanatory factors 
have been proposed. 

Rofecoxib versus non-selective NSAIDs. In October 2001, a fair-quality meta-analysis 
published in Circulation 122 by Konstam and colleagues reported pooled results from 23 rofecoxib 
Phase lib through V trials sponsored by Merck. The investigators stratified results by patient 
group (rheumatoid arthritis, osteoarthritis, or Alzheimer's disease) and by control group 
(placebo, naproxen, or non-naproxen NSAID). The risk of cardiovascular events was 1.69 times 
higher for rofecoxib than for naproxen (95% CI 1.07 to 2.69), but was not elevated in trials 
comparing rofecoxib to non-naproxen NSAIDs (RR 0.79, 95% CI 0.40 to 1.55) (Table 5). The 
authors hypothesized that rofecoxib might have been an "innocent bystander" in the VIGOR 
trial. In other words, rather than rofecoxib increasing the rate of cardiovascular events, naproxen 
might have reduced it. 

A problem with the Konstam analysis 122 is that the non-naproxen and naproxen studies are 
not directly comparable. VIGOR, the only long-term COX-2 trial to demonstrate a significant 
reduction in serious GI events, used rofecoxib 50 mg, prohibited aspirin, and followed patients 
for 9 months. By contrast, some of the non-naproxen-controlled studies were 12 weeks or shorter 
in duration, permitted aspirin, or used lower doses of rofecoxib. The data presented in the meta- 
analysis are also inadequate to judge the quality of the included studies and how concomitant 
aspirin use, duration of treatment, or dose might have affected rates of cardiovascular events, as 
adjustment using individual patient risk factors was not performed. 

A subsequent meta-analysis by Reicen and colleagues, also rated fair-quality, provided a 
more detailed analysis of eight phase Ilb/III trials of osteoarthritis patients previously included in 
the Konstam analysis. 123 Although the Konstam meta-analysis cites a planned duration of follow- 
up of 86 weeks for these trials, the Reicen meta-analysis reports that the mean duration of 
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treatment was actually jVi months. Like the Konstam study, insufficient information was 
provided to judge the quality of the studies analyzed or the effects of concomitant aspirin. The 
incidence of thrombotic cardiovascular adverse events was lower in the rofecoxib treatment 
group (1.93/100 patient-years) compared with the non-naproxen NSAID (ibuprofen, diclofenac, 
or nabumetone) groups (2.27/100 patient-years) (Table 5). 

The conclusion of the Reicen analysis — that there were no significant differences between 
rofecoxib and non-naproxen NSAIDs — may be valid for this set of studies. However, the results 
do not address the more specific question of whether rofecoxib is safe at the dosage proven to 
reduce serious GI events associated with long-term use. The analysis combined data from all 
rofecoxib doses (12.5, 25, and 50 mg/day); only 545 of the patients received the 50 mg/day dose. 
Although 50 mg/day is higher than doses used conventionally, the issue of dose may be 
important because only the 50 mg dose has been shown to reduce serious GI adverse events 
compared to non-selective NSAIDs in a long-term trial. 19 It is possible that lower doses of 
rofecoxib do not increase cardiovascular events compared with non-naproxen NSAIDs. 
However, even though lower, conventional doses of rofecoxib would be expected to be 
associated with lower long-term rates of GI ulcer complications compared to higher doses, this 
has not been proven in clinical trials. 

Using a different methodology from the studies by Konstam and Reicen, a good-quality 
meta-analysis funded by the Swiss National Science Foundation came to different conclusions 
(Table 5). 124 Juni and colleagues included 18 randomized controlled trials of rofecoxib in 
patients with chronic musculoskeletal disorders (N=25,273), using published data on myocardial 
infarction as well as unpublished data available from the FDA. They found that the risk of 
myocardial infarction was higher in patients in the rofecoxib arms of trials compared with 
patients in the combined comparator arms (naproxen, non-naproxen NSAIDs, or placebo) (RR 
2.24, 95% CI 1.24 to 4.02). The risk did not van 7 according to dose of rofecoxib or duration of 
therapy (shorter versus longer, than 6 months). Trials with an external endpoint committee had a 
substantially higher risk for myocardial infarction (RR 3.88, 95% CI 1 .88 to 8.02) than those 
without an external endpoint committee (RR 0.79, 95% CI 0.29 to 2.13). VIGOR contributed 
8,076 of the 21, 432 included in the meta-analysis. However, even when the results of VIGOR 
were excluded, the increased risk of myocardial infarction in trials with an external endpoint 
committee persisted (RR 2.5, 95% CI 1.1 to 6.0). 125 



Table 5. CV events in trials of rofecoxib versus non-selective NSAIDs: meta-analyses 



Study 


Outcome 


Comparison 


Relative risk (95% 
CI) 


Konstam, 200 V 


Cardiovascular events 


Rofecoxib versus non-naproxen NSAIDs 
Rofecoxib versus naproxen 


0.79 (0.40-1.55) 
1.69(1.07-2.69) 


Reicin, 2002^ J 


Cardiovascular events 


Rofecoxib versus non-selective NSAIDs 


1.44 (0.65-3.17) 


Juni, 2004 1 " 


Myocardial infarction 


Rofecoxib versus any comparator 
Subgroup analyses: 

Rofecoxib versus non-naproxen NSAIDs 
Rofecoxib versus naproxen 


2.24 (1.24-4.02) 

1 .55 (0.55-4.36) 
2.93 (1.36-6.33) 



Unlike the previous meta-analyses by Reicen and Konstam, the Juni meta-analysis analyzed 
aggregated study-level data, evaluated the effects of variables related to methodologic quality 
(allocation concealment and use of an external endpoint committee), and assessed the outcome of 
myocardial infarction (rather than composite cardiovascular endpoints, which could have diluted 
the effects on myocardial infarction rates). A major point of contention, however, centers on 
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whether the Juni meta-analysis inappropriately combined results from different control 
interventions. Although Reicen and others have criticized this method of analysis because 
different control interventions may be associated with different risks for myocardial infarction, 
Juni and colleagues' methods appear defensible based on their meta-regression analyses for 
potential sources of heterogeneity. They found that the only significant source of variation 
between study results was related to the use of an independent, external endpoint committee, and 
not to the type of control intervention. For studies with an external endpoint committee, the 
relative risks for myocardial infarction for rofecoxib compared with placebo, non-naproxen 
NSAIDs, or naproxen were 2.31, 2.98, and 3.72, respectively, with overlapping confidence 
intervals (p=0.41 for interaction). 12:> The Reicen and Konstam meta-analyses did not assess the 
effects of this potential source of bias. Other criticisms of Juni have centered on its exclusion of 
two Alzheimer's trials (discussed below) and on some of its statistical methods (such as adding 
0.5 to both arms of a trial when no events occurred in one of the arms). However, Juni and 
colleagues appeared to follow pre-specified inclusion criteria (trials of patients with 
musculoskeletal disease), and the statistical methods for dealing with empty cells meet current 
standards for conducting meta-analysis. 127 A post-hoc re-analysis of the Juni study sponsored by 
the manufacturer of rofecoxib and criticizing its methods and conclusions is available on-line, 
but has not been published in the peer-reviewed literature. 128 

A fourth, fair-quality meta-analysis evaluated the cardiovascular risks of selective versus 
non-selective NSAIDs. 129 However, it only reported results for all COX-2 inhibitors pooled 
together. It is discussed in the section on cardiovascular risks associated with non-selective 
NSAIDs. 

Rofecoxib versus placebo. The manufacturer-funded meta-analyses by Konstam and Reicin 
found no significant differences in cardiovascular risk between rofecoxib and placebo. 122, 12j In 
the Konstam analysis, the relative risk of cardiovascular events (cardiovascular, hemorrhagic, or 
unknown death; nonfatal yocardial infarction; and nonfatal stroke) was 0.85 (95% CI 0.51 to 
1 .38). 122 A total of 33 cardiovascular events were reported in the rofecoxib arms. In the Reicin 
analysis, the incidence of thrombotic cardiovascular AEs was 2.71/100 patient-years in the 
rofecoxib group and 2.57/100 patient-years in the placebo group (7 events reported in the 
rofecoxib arms). 123 There were too few events to evaluate the risk of myocardial infarction 

1 T\ 

alone: 3 in the rofecoxib arms in one meta-analysis and 19 fatal and nonfatal myocardial 
infarctions or resuscitated cardiac arrests in the other. 122 In the Juni meta-analysis, the relative 
risk for myocardial infarction with rofecoxib relative to placebo was 1.04 (95% CI 0.34 to 3.12) 
when all trials were pooled, but 2.31 (95% CI 0.49 to 10.82) in trials with an external endpoint 
committee. 125 

In two subsequent trials of cognitively impaired adults, rates of thrombotic vascular events 
were similar for rofecoxib 25 mg and placebo. 130, 131 Four thrombotic vascular events 
(myocardial infarction not reported separately) occurred in 321 patients randomized to rofecoxib 
(1.2%) compared to 1 1 of 327 (3.4%) randomized to placebo in one 12-month trial of 692 
patients (mean age=75.5 years) with mild to moderate Alzheimer's dementia. 130 In the second 
trial, 38 of 723 patients with mild cognitive impairment randomized to rofecoxib (5.2%) and 36 
of 728 randomized to placebo (4.9%) had a confirmed serious thrombotic vascular event after 
1 15-130 weeks (mean age=74.9 years); the number of confirmed nonfatal myocardial infarctions 
was 13 versus 10. 131 However, more deaths occurred in the rofecoxib group in this trial (24 or 
3.3% versus 15 or 2.1%). 
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On the other hand, in another long-term (the Adenomatous Polyp Prevention on Vioxx or 
APPRO Ve) trial of a different population — that of patients receiving rofecoxib for prevention of 
colon polyps — rofecoxib 25 mg/day was associated with an increased risk of cardiac events 
(myocardial infarction, sudden death from cardiac causes, or unstable angina pectoris) relative to 
placebo (RR 2.80, 95% CI 1.44 to 5.45). 132 Though the rate of events appeared to diverge only 
after 18 months in the initially published report, 132 a subsequent analysis that included adverse 
events originally censored because they occurred more than 14 days after discontinuation of 
therapy suggests that the curves began to diverge by 4 to 6 months. 133 The risk of 
cerebrovascular events and peripheral vascular events were not significantly higher on rofecoxib 
(RR 2.32, 95% CI 0.89 to 6.74 and 0.46, 95% CI 0.08 to 2.03, respectively). Reasons for the ' 
discordant findings between the APPRO Ve and the Alzheimer's trials are unclear but could be 
related to differential underlying risk in the populations studied, duration of exposure, or 
differential use of aspirin or other antiplatelet agents. 

The most recent and comprehensive meta-analysis included 37 placebo-controlled trials of 
rofecoxib. 129 It includes data from the trials evaluated in the earlier meta-analyses 122 " 124 as well 
as newer information from the long-term polyp prevention and cognitive impairment trials. 
Much of the data regarding cardiovascular event rates were obtained by requesting unpublished 
data from trial sponsors. The meta-analysis was rated fair quality because it did not adequately 
assess the quality of included trials. Rofecoxib was associated with greater risks relative to 
placebo for the outcomes "any vascular event" (1.5% or 98/6638 versus 1 .1% or 72/6415, RR 
1.38, 9.5% CI 1.01 to 1.87) and myocardial infarction (0.8% or 54/6638 versus 0.5% or 30/6415. 
RR 1.76, 95% CI 1.14 to 2.73), but not for the outcomes stroke or vascular death. This is 
equivalent to approximately one additional myocardial infarction per 289 patients exposed to 
rofecoxib for one year instead of placebo. About 85% of the vascular events occurred in patients 
on a 25 mg dose of rofecoxib. Approximately 40% (21 of 54) of the myocardial infarctions were 
from the APPROVe trial. 132 



Table 6. CV events in trials of rofecoxib versus placebo: meta-analyses 



Study 


Outcome 


Number of 
events 


Relative risk for (95% CI) 


Konstam, 2001^ 


Combined cardiovascular 
events 


33 


0.84 (0.51-1.38) 


Reicin, 2002^ 


Combined cardiovascular 
events 


7 


1.42 (0.24-6.22) 


Juni t 2004^ 


Myocardial infarction 


Not reported 


1.04 (0.34-3.12); all trials 

2.31 (0.49 -10.82); only trials with external 

endpoint committee 


Kearney, 2006'^ 


Myocardial infarction 


54 


1.76 (1.14-2.73) 



Celecoxib. Five meta-analyses (three funded by the manufacturer of celecoxib 62 - l34 ' l35 ) have 
analyzed the cardiovascular risks associated with celecoxib in primarily unpublished trials. 62, I29, 

The first, a fair-quality study by White and others, included 1 3 new drug application 
studies and two large post-marketing trials (CLASS and SUCCESS) of 18,942 patients 
randomized to celecoxib with osteoarthritis or rheumatoid arthritis. Only two of the 15 trials 
were longer than 12 weeks in duration. The meta-analysis did not provide enough information 
about the design of the included studies to judge their quality. A total of 25 cardiovascular 
events (0.8%) and 6 myocardial infarctions (0.2%) occurred in patients randomized to celecoxib. 
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There were no differences in risk of cardiovascular events (cardiovascular, hemorrhagic and 
unknown deaths; nonfatal ML or nonfatal stroke), fatal myocardial infarction, or nonfatal 
myocardial infarction between patients randomized to celecoxib versus those randomized to 
placebo, all NSAIDs. or naproxen (Table 7). There were also no differences in the subgroup of 
patients who were aspirin non-users. The authors did not perform an analysis of risk associated 
with different doses of celecoxib. 



Table 7. CV events in trials of celecoxib: meta-analysis of 1 5 trials in patients with arthritis 134 



Comparison 


Relative risk for cardiovascular, hemorrhagic and 
unknown deaths; nonfatal Ml; or nonfatal stroke 
(95% CI) ; 


AH patients 




Celecoxib versus placebo 


0.85 (0.23 to 3.15) 


Celecoxib versus ail NSAIDs 


1.06 (0.70 to 1.61) 


Celecoxib versus naproxen 


0.85 (0.29 to 2.46) 


Aspirin no n users 




Celecoxib versus placebo 


0.60 (0.11 to 3.29) 


Celecoxib versus all NSAIDs 


0.86 (0.48 to 1.56) 


Celecoxib versus naproxen 


0.82 (0.18 to 3.70) 



A second, more comprehensive meta-analysis was presented to the FDA's Arthritis Advisory 
Committee in February 2005. 135 It included 41 trials of celecoxib (N=24,933) for chronic 
conditions; 33 of the trials were in patients with osteoarthritis or rheumatoid arthritis. Only four 
of the 41 trials were longer than 12 weeks in duration. The investigators used full follow-up data 
from the CLASS trials (2.320 patient-years for 3,987 patients). In addition to the composite 
outcome of any cardiovascular thromboembolic event the analysis also reported separate 
analyses for myocardial infarction, stroke, and peripheral vascular events. Over 80% of the 
cardiovascular events occurred in three large trials: CLASS (N=7,968), SUCCESS (N=13,194), 
and CAESAR (N=916) (the latter trial remains unpublished). The methods and limitations of 
this study were similar to the White meta-analysis. There were no significant differences 
between celecoxib and comparators for myocardial infarction, though event rates were low: only 
nine myocardial infarctions occurred among 7,462 celecoxib-exposed patients (0.12%) in the 
placebo-controlled trials. There were also no significant differences for any other cardiovascular 
thromboembolic event. 



Table 8. CV events in trials of celecoxib: meta-analysis of 41 trials 



Comparison 


Relative risk for myocardial infarction (95% CI) 


All patients 




Celecoxib >=200 mg/day versus placebo 


1.58 (0.92-2.72) 


Celecoxib >=200 mg/day versus non-selective NSAIDs 


1.65 (0.38-7.21) 


Aspirin nonusers 




Celecoxib >=200 mg/day versus placebo 


1.40 (0.61-3.21) 


Celecoxib >=200 mg/day versus non-selective NSAIDs 


1.64 (0.17-15.33) 



Another meta-analysis of manufacturer-held reports of 31 trials by Moore and colleagues 
found that celecoxib was not associated with a significantly increased risk for myocardial 
infarction compared with non-selective NSAIDs, any active comparator (including rofecoxib or 
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paracetamol), any comparator (including placebo), or any non-coxib comparator using a fixed- 
effect model in patients with rheumatoid or osteoarthritis, though trends towards increased risk 
were present (Table 9). 62 The overall proportion of patients randomized to celecoxib with 
myocardial infarction was less than 0.3% (fewer than 60 cases in the largest comparison). There 
were too few myocardial infarctions in the celecoxib arms of trials comparing celecoxib to 
placebo (10 events), paracetamol (0 events), or rofecoxib (1 event) to analyze differences in risk. 
In the two largest trials included in the meta-analysis (CLASS and SUCCESS-I), myocardial 
infarctions occurred in 0.23% (29 of 12,787) of patients randomized to celecoxib 200 to 800 mg 
and in 0.18% (15 of 8,375) randomized to a non-selective NSAID (RR 1.7, 95% CI 0.88 to 3.2). 

Although this study appears to adhere to high standards for conducting meta-analysis, its 
results are not verifiable because it analyzed publicly inaccessible data. In addition, myocardial 
infarctions in the included trials were as reported by investigators, and not subject to 
adjudication. The duration of exposure to celecoxib in the trials varied, with a mean of about 7 
months. The authors of the meta-analysis were unable to perform an analysis on effects of 
duration of exposure, because the trial reports generally did not provide sufficient information on 
median duration of use. 



Table 9. Mrs in trials of celecoxib: meta-analysis of 31 trials in patients with arthritis 62 



Comparison 


Relative risk for myocardial infarction 


Celecoxib 200 or 400 mg/day versus NSAID 


1.9 (0.87 to 4.1) 


Celecoxib any dose versus NSAID 


1.6(0.93 to 2.6) 


Celecoxib any dose versus any active comparator 


1.4 (0.87 to 2.3) 


Celecoxib any dose versus any comparator 


1.4 (0.88 to 2.2) 


Celecoxib any dose versus non-coxib comparator 


1.4 (0.88 to 2.2) 



A fourth meta-analysis of CV risk associated with celecoxib (not funded by the 
manufacturer) was less comprehensive because it did not have access to all of the trial data. 136 It 
limited its analysis to trials that were at least 6 weeks duration and reported cardiovacular events 
in published articles or publicaly available material on the FDA or manufacturer website, and 
also differed from the Moore analysis by including trials of patients receiving celecoxib for colon 
polyp prevention and Alzheimer's disease. It found that the risk of myocardial infarction was 
increased in 3 trials (APC, ADAPT, PreSAP; none of arthritis patients) comparing celecoxib to 
placebo (OR 2.26, 95% CI 1.0 to 5.1) and in 5 trials (APC, CLASS, ADAPT, PreSAP, VACT; 
the latter 2 of arthritis patients) comparing celecoxib to placebo, diclofenac, ibuprofen, or 
paracetamol (OR 1.88, 95% CI 1.15 to 3.08) (Table 10). No heterogeneity was present. There 
was no association between celecoxib use and either cerebrovascular events, cardiovascular 
death, or composite cardiovascular events. Although this study was rated good quality, lack of 
comprehensiveness is a concern because it excluded 42 celecoxib trials either because they were 
shorter than 6 weeks or because publicly available information on cardiovascular events was not 
available. In addition, nearly two-thirds (18 of 29) of the myocardial infarctions in the placebo- 
controlled trials (the primary analysis) came from the APC (polyp prevention) trial. On the other 
hand, the meta-analysis also did not include the recently published, large (N=l 3,274), 12-week 
SUCCESS-I Study, which reported results consistent with its findings (10 myocardial infarctions 
or 0.55/100 patient-years in the combined celecoxib arms versus 1 myocardial infarction or 
0.1 1/100 patient-years in the combined non-selective NSAID arms). 63 
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Table 10. Mi's in trials of celecoxib: meta-analysis of trials of at least 6 weeks duration with published or 
publicly available data 136 



Comparison 


Relative risk for myocardial infarction 


Celecoxib any dose versus placebo (3 trials) 


2.3 (1.0 to 5.1) 


Celecoxib any dose versus placebo, diclofenac, 
ibuprofen, or paracetamol 


1.9(1.2 to 3.1) 



The fifth meta-analysis (also not funded by the manufacturer) analyzed data from 41 
published and unpublished trials of celecoxib (8,976 patient-years of exposure). 129 Nine of the 
trials were longer than 12 weeks in duration. Characteristics of this study, which also evaluated 
cardiovascular risks associated with other selective and non-selective NSAIDs, are discussed in 
the rofecoxib section above. Data on celecoxib risk primarily came from patients with 
osteoarthritis or rheumatoid arthritis (33 trials), but studies of low back or temporamandibular 
joint pain, ankylosing spondilitis, Alzheimer's disease, and colon polyp prevention were also 
included. Myocardial infarction rates were higher with celecoxib relative to placebo (0.5% or 
44/8976 person-years versus 0.2% or 9/4953, RR 2.13, 95% CI 1.20 to 3.80), and for combined 
vascular events (0.9% vs. 0.6%, RR 1.5 1, 95% CI 1.02 to 2.24), but there were no significant 
differences in risk of stroke alone or vascular death (Table 11). This is equivalent to 
approximately one additional myocardial infarction for every 325 patients treated with celecoxib 
instead of placebo for one year. The 99% confidence interval (reported in the article because of 
multiple subgroup analyses) remained significant for myocardial infarction, but not for combined 
vascular events. Two large polyp prevention trials accounted for about 60% (27 of 44) of the 
myocardial infarctions in patients randomized to celecoxib. 109 A trend towards increased risk of 
vascular events (p=0.03) with higher doses of celecoxib was present, but nearly all of the events 
at the highest (800 mg daily) dose occurred in the polyp prevention trials. Analyses on the 
effects of duration and independent event adjudication were not stratified by specific COX-2 
inhibitor, nor were estimates of cardiovascular risk with specific COX-2 inhibitors relative to 
naproxen or non-naproxen NSAIDs (see section on CV risk of non-selective NSAIDs). 



Table 11. CV events in trials of celecoxib: meta-analysis of 41 trials of at least 4 weeks duration 129 



Comparison 


Outcome 


Relative risk (95% Cl]^ 


Celecoxib any dose versus placebo 


Any vascular event 


1.5(1.0 to 2.2) 


Celecoxib any dose versus placebo 


Myocardial infarction 


2.1 (1.2 to 3.8) 


Celecoxib any dose versus placebo 


Stroke 


1.1 (0.6 to 2.2) 


Celecoxib any dose versus placebo 


Vascular death 


1.3 (0.6 to 2.8) 



The estimates of risk for myocardial infarction with celecoxib relative to placebo in the non- 
manufacturer-funded meta-analyses 129, 136 are higher than in the manufacturer- funded meta- 
analyses. 1 ^' ,JD The major reason for the difference in estimates appears to be the inclusion of 
two recent, long-term trials of colon polyp prevention (APC and PreSAP) in the former. 108, 1 10 A 
large number of myocardial infarctions occurred in these trials (27, compared to a total of nine in 
the most comprehensive manufacturer- funded meta-analysis 135 ), and estimates of risk from both 
trials were higher than previous pooled estimates without these trials (RR 1.58, 95% CI 0.92 to 
2.72). 135 In one meta-analysis, ' 136 the rate of nonfatal myocardial infarction was 1 .3% 
(18/1356) with celecoxib (200 or 400 mg twice daily) versus 0.4% (3/679) with placebo (RR 
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2.67, 95% CI 0.5 to 8.41) in the APC trial 108 and 1.0% (9/933) versus 0.5% (3/628) for a relative 
risk of 1.84 (95% CI 0.54 to 6.28) in PreSAP (400 mg once daily). 110 A subsequent analysis of 
the APC trial and PreSAP using slightly different data (due to the identification of additional 
events after study closure) reported a pooled relative risk of 1.9 (95% CI 1.1 to 3.1 , no 
heterogeneity) for the composite outcome of cardiovascular death, nonfatal myocardial 
infarction, nonfatal stroke, or heart failure. 109 Rates of fatal or nonfatal myocardial infarction in 
were 1.6% (22/1356) versus 0.4% (3/679) in the APC trial and 9/933 (1.0%) vs. 4/628 (0.6%) in 
PreSAP. 

In summary 7 , celecoxib appears associated with an increased risk of myocardial infarctions or 
thromboembolic cardiovascular events relative to placebo. Much of the evidence for increased 
cardiovascular risk comes from two large, long-term polyp prevention studies comparing 
celecoxib 200 or 400 mg twice daily, or 400 mg once daily to placebo. Although trends toward 
increased myocardial infarction risk with celecoxib relative to placebo as well as relative to other 
NSAIDs are also present in meta-analyses of primarily short-term trials of arthritis patients, 
small numbers of events limit the precision of estimates from those trials. 

Observational Studies of GI and CV Safety 

Overview. Numerous long-term observational studies have evaluated the OI and CV risks 
associated with selective and non-selective NSAIDs. The studies primarily relied on claims data 
or other administrative databases or on electronic medical record data collected in practice 
networks to identify cases, and prescription claims to determine exposure. A strength of these 
studies is that they evaluated much larger populations than could be enrolled into clinical 
trials. 137 In addition, they reflect how coxibs and other NSAIDs are actually used in practice 
better than many clinical trials, which are usually short term, require rigid dosing regimens, limit 
the use of other drugs, and implement strategies to monitor and enhance compliance. 
Population- and practice-based studies may also better represent patients who would be excluded 
from randomized trials because of comorbidities, age, or other factors. 

On the other hand, the most important weakness of observational studies is that patients are 
allocated treatment in a non-randomized matter. This can lead to biased estimates of effects even 
when appropriate statistical adjustment on a variety of confounding variables is performed. 40 In 
addition, data sources typically cannot reliably assess over-the-counter aspirin, NSAIDs, or acid- 
suppressing medication use, 137 and information on prescription fills may not always accurately 
correspond to the actual degree of exposure to the drugs. 

Rofecoxib. Five observational studies reported rates of serious GI events for rofecoxib 
relative to celecoxib, NSAIDs, and non-use. 1 8 " 142 (Table 12). In direct comparisons, rofecoxib 
was associated with a similar risk of upper GI complications compared to meloxicam, 140 but a 
greater risk of upper GI hemorrhage than celecoxib, non-selective NSAIDs, and diclofenac plus 
misoprostol. 139 ' 2 In a nested case-control study, the risk of upper GI bleeding was modestly 
higher for rofecoxib compared to celecoxib, NSAIDs, or non-use (RR in the range of 1 to 2.) 138 
Another case-control study that reported higher relative risks of serious GI events with rofecoxib 
should be interpreted with caution because exposure information was ascertained using 
unblinded patient interviewing, which is more susceptible to recall bias than blinded coding of 
exposures status from prescription or general practice databases. 141 

Analyses of the effects of exposure duration, dosage, and study duration on risk of serious GI 
events were generally not reported. In fact, COX-2 dosages were only reported in one study 
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which reported that the proportion of patients on celecoxib receiving >200 mg/day was 19%, and 
the proportion of patients on rofecoxib on >25 mg/day was 8%. 139 



Table 12. Serious Gl events in observational studies 



Author, Year 



Study design 
Sample size 


Mean 
age (yrs) 


Duration 
(days) 


Outcome 


Main findings 


Hippisley-Cox 
2005 138 
Case-control 
Cases: 9407 


NR;>25 


Unclear 


Complicated Gl event f risk relative to non-use: 

No for celecoxib (RR 1 .25; 95% CI 0.91 , 1 .72) 
Yes for rofecoxib (RR 1 .79; 95% CI 1 .42, 
2.26); overall selective (RR 1.72; 95% CI 1.29, 
2.29) and non-selective NSAIDs (1.67; 95% CI 
1.43, 1.94); ibuprofen (RR 1.58; 95% CI 1.37, 
1 .83); diclofenac (RR 2.07; 95% CI 1 .82, 
2.35); naproxen (RR 1.97; 95% CI 1.48, 2.61) 


Mamdani 2002 1jy 

Cohort 

n=143,969 


75.7 


141 


Upper Gl hemorrhage f risk relative to celecoxib: 

Yes for rofecoxib (RR 1.9; 95% CI 1.2, 2.8), 
non-selective NSAIDs (RR 1.9; 95% CI 1.0, 
3.5) and diclofenac+ misoprostol (RR 3.2; 
95% CI 1.6, 6.5) 


Layton 2003 14U 

Cohort 

n=34,355 


60.4-62.5 


270 


Upper Gl 

complications 

(perforations/bleeding) 


Similar risk for rofecoxib and meloxicam (RR 
0.91; 95% CI 0.59, 1.42) 

I 


Laporte 2004 141 

Case-control 

Cases=2,813 


NR; > 18 


NR 


Upper Gl bleeding 


t risk vs. non-use for rofecoxib (RR 7.2; 95% 
CI 2.3, 23.0), diclofenac (RR 3.7; 95% CI 2.6, 
5.4), ibuprofen (RR 3.1; 95% CI 2.0, 4.9), 
indomethacin (RR 10.0; 95 % CI 4.4, 22.6), 
ketoprofen (RR 10.0; 95% CI 3.9, 25.8), 
ketorolac(RR 24.7; 95% CI 8.0, 77.0), 
meloxicam (RR 5.7; 95% CI 2.2, 15.0), 
naproxen (RR 10.0; 95 % CI 5.7, 17.6), 
nimesulide (RR 3.2; 95% CI 1.9, 5.6), 
piroxicam (RR 15.5; 95% CI 10.0, 24.2) 


Kasliwal 2006 142 

Cohort 

n=32,726 


62.5 


Median 
Rofecoxib 1 
Celecoxib= 
p<0.0001 


Upper Gl 
=111 complications 
=90 (perforations/bleeding) 


Rofecoxib versus celecoxib aRR (95% CI): 
1.60(0.95,2.70) 



Fourteen observational studies evaluated the risk of cardiovascular events associated with 
rofecoxib (Table 13). 142 * 155 Interpretation of the studies is complicated by the use of different 
study designs, adjustment for different confounders, and evaluation of different populations and 
outcomes. Six of these studies appeared to rely exclusively on administrative and 
pharmaceutical databases to determine outcomes, exposures, and comorbidities. 143, 147, 149 ' 152 The 
other studies supplemented administrative or claims data with chart review; 145 ' 153 clinical or 
practice-based databases, 146, l48, 155 or telephone interviews. 144 An interim analysis of one study 
relied on a combination of a medication surveillance database, physician questionnaires, hospital 
admission data, spontaneous reports, and national morbidity and mortality databases. 154 

Several studies indicate that using claims data is quite accurate (positive predictive value 
>90%) for identifying myocardial infarction. 156, 157 A weakness of relying exclusively on 
administrative databases, however, is that they frequently have incomplete information about 
potentially important confounders such as income level, obesity, smoking status, and level of 
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education. 5 All three of the observational studies that collected information about body mass 
index, for example, supplemented administrative databases with other sources. 144 * 146 
Unmeasured confounders could result in less accurate estimates of cardiovascular risk, though 
one analysis suggests that the effects would be only modest. 12,8 On the other hand, studies can 
also 'overcontrof if they attempt to adjust for cardiovascular risk factors identified after the 
initiation of treatment, when the risk factors are actually intermediate effects of the drugs 
themselves that predispose to subsequent cardiovascular events. b9 

Rofecoxib was associated with an increased risk of CV events relative to non-selective 
NSAIDs in three of five studies 40, 144, b2, b3 and an increased risk relative to celecoxib in three of 
five studies. 142, 144, ,4D ' ,54, 160 In studies that compared rofecoxib, celecoxib, or NSAID use to 
non-use, none of the drugs were consistently associated with increased risk of CV events. 143 ' I46, 
14/, i49 5 im, £Y event risk estimates from two observational studies of rofecoxib relative to 
naproxen (Solomon 2004 145 : OR 1.17, 95% CI 0.90, 1.52; Kimmel 2005 144 : OR 3.30, 95% CI 
1.37, 8.40) were lower than the estimated relative risk for myocardial infarction of 5.00 (95% CI 
1.68 to 20. 13) for rofecoxib compared with naproxen in VIGOR. 103 It is likely that the 
inconsistencies in effect magnitudes were due in large part to population differences and study 
methodology. For example, risk estimates from the Solomon 2004 study 145 may only be 
generalizable to a population that is of a more advanced age than that of VIGOR (8 1 .6 vs. 58 
years) and of a possibly lower income level, as it focused on low-income Medicare beneficiaries. 
Participants in the Kimmel 2005 study, 144 on the other hand, were similar in mean age to those in 
VIGOR (53.1 vs. 58 years), but different methods of data ascertainment may have affected risk 
estimates. This study, which found the highest risk of MI associated with rofecoxib compared 
with celecoxib (OR 2.72), differed from the others in that it collected information about 
exposures and covariates using structured telephone interviews rather than by using 
administrative or large practice databases. 144 The use of structured telephone interviews could 
have enhanced the ability of the investigators to measure relevant confounders and drug 
exposures. On the other hand, participation bias (only 50% of those approached participated) 
and recall bias could have skewed the results, though it is not clear that such biases should favor 
either rofecoxib or celecoxib. 

Results of studies that found similar risk of CV events with rofecoxib and meloxicam 152 or 
celecoxib 142 ' 154 may also be less reliable. These studies adjusted for far fewer demographic and 
prognostic factors than other studies that adjusted for multiple demographic factors and 
comorbidities. 

Another factor that varied between studies was how exposure status was defined. In one of 
the studies that reported no association between rofecoxib use and cardiovascular thrombotic 
events, use of selective COX-2 inhibitors was defined as prescriptions within 6 months of the 
index date. 150 By contrast, other studies defined current use as occurring on or near the index 
date, which strengthens confidence in inferences about the link between rofecoxib and the 
observed Mis. 
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Table 13. Cardiovascular events in observational studies 

Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Levesque 2005 

Cohort 

n=59724 



'NR;>66 22.50% 



844.8 Acute Ml, fatal or nonfatal 

f risk relative to NSAID non-use: 
Yes for rofecoxib, regardless of dose (Overad RR 
1.24; 95% CI 1.05, 1.46) 
No for celecoxib (Overall RR 0.99; 95% CI 0.85, 
1.16), naproxen (RR 1.17; 95% CI 0.75, 1.84) or 
meloxicam (95% CI 1.06; 95% CI 0.49, 2.30) 



Kimmel 2005 
Case-control 
Cases: 1718 



NR; aged 
40 to 75 



33.60% 



NR 



Nonfatal Ml 
f risk for rofecoxib when directly compared with 
celecoxib (OR 2.72; 95% CI 1 .24 to 5.95) or 
naproxen (OR 3.39; 95% CI 1.37, 8.40) 

f risk for rofecoxib* relative to ibuprofen or 
diclofenac (OR 2.04; 95% CI 1.16, 3.60) or naproxen 
(OR 3.30; 95% CI 1.37, 8.40) 
Risk for celecoxib* similar to ibuprofen or diclofenac 
(OR 0.77; 95% CI 0.4, 1.48) or naproxen (OR 0.81; 
95% CI 0.37, 1.77) 

*Regardless of aspirin use 



Solomon 2004 
Case-control 
Cases=1 0,895 



NR;>80 NR 



1-30 days Acute Ml 

31-90 days f risk for rofecoxib relative to celecoxib (OR 1 .24; 
> 90 days 95% CI 1.05, 1 .46) 

Risk for rofecoxib similar to naproxen (aOR 1.17; 
95% CI 0.9, 1.52) or ibuprofen (aOR 1.21; 95% CI 
0.92, 1.58) or other NSAIDs (aOR 1.17; 95% CI 0.99, 
1.38) 

Risk for celecoxib similar to naproxen (aOR 0.95; 
95% CI 0.74, 1.21) or ibuprofen (aOR 0.98; 95% CI 
0.76, 1.26) or other NSAIDs (aOR 0.95, 95% CI 0.82, 
110] 



Hippisley-Cox 
2005 146 
Case-control 
Cases: 9218 



NR;aged NR 
25-100 



NR 



First ever Ml 

} risk relative to nonuse: 

Yes for rofecoxib (aOR 1.32; 95% CI 1.09, 1.61), 
other selective NSAIDs (aOR 1.27; 95% CI 1.00, 
1.61), ibuprofen (aOR 1.24; 95% CI 1.11, 1.39), 
diclofenac (aOR 1.55; 95% CI 1.39, 1.72), naproxen 
(aOR 1 .27; 95% CI 1.01,1 .60) and other non- 
selective NSAIDs (aOR 1.21; 95% CI 1.02, 1.44) 
No for celecoxib (aOR 1 .21 ; 95% CI 0.96, 1 .54) 



Mamdani 2003 
Cohort 
n= 166,964 



NR;>66 14.70% 



Graham 2005 1bU NR: 18-84 Telephone 



1 65.6 Incidence of hospitalization for acute Ml: risk 

relative to non-use 

Similar risk for rofecoxib (aRR 1 .0; 95% CI 0.8, 1 .4), 
celecoxib (aRR 0.9; 95% CI 0.7, 1.4), naproxen (aRR 
1.0; 95% CI 0.6, 1.7), or non-naproxen non-selective 
NSAIDs (aRR 1.2; 95% CI 0.9, 1.4) 



Case-control 
Cases=8,143 



interview 
subgroup 
(n=817): 23% 



Mean= 1 13 Acute Ml requiring admission or sudden cardiac 
days before death: risk relative to celecoxib 

event t risk for rofecoxib for all dosages (aOR 1.59; 95% CI 
1.10, 2.32) or for dosages > 25 mg (aOR 3.58; 95% 
CI 1 .27, 10.1 1), but dosages < 25 mg had risk similar 
to celecoxib (aOR 1.47; 95% CI 0.99, 2.17) 
f risk for ibuprofen (aOR 1.26; 95% CI 1.00, 1.60), 
naproxen (aOR 1.36; 95% CI 1.06, 1.75), or other 
NSAIDs (aOR 1.35; 95% CI 1.06, 1.72) 
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Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Johnsen 2005 

Case-control 

Cases=10,280 



69.6 6.9% high dose NR 



T5C~~ 



Acute Ml: risk relative to nonusers 
t risk current (aRR 1.80; 95% CI 1.47, 2.21)and new 
users (aRR 2.52; 95% CI 1.45, 3.13) of rofecoxib 
f risk for new users of celecoxib (aRR 2.13; 95% CI 
1.45, 3.13) and similar risk for current and non-users 
of celecoxib (aRR 1 .25; 95% CI 0.97, 1 .62) 
Similar risk for new (aRR 1 .65; 95% CI 0.57, 4.83) or 
current users of naproxen (aRR 1.50; 95% CI 0.99, 
2.29) relative to nonuse 

f risk for new (aRR 2.65; 95% CI 2.00, 3.50) or 
current users of other nonaspirin NSAIDs (aRR 1.68; 
95% CI 1.52, 1.85) naproxen (aRR 2.13; 95% CI 
1.45, 3.13) and similar risk for current and non-users 
of celecoxib (aRR 1.25; 95% CI 0.97, 1.62) 



Shaya 2005 
Cohort 
n=6,250 
50% black 



TFT 



NR; 70% NR 
were aged 
50 years 
or 

younger 



> 60 prior to Cardiovascular thrombotic events: relative to 
event non-naproxen NSAIDs 

Similar for rofecoxib (aOR 0.99; 95% CI 0.76, 1.30) 
or celecoxib (aOR 1.19; 95% CI 0.93, 1.51) 



Ray 2002 
Cohort 
n=378,776 



61.5 



NR 



NR 



T57~ 



Serious CHD (hospital admission for AMI or 
death from CHD): relative to non-use 
Similar risks for rofecoxib at dosages < 25 mg (aIRR 
1.03; 95% CI 0. 78, 1.35) or > 25 mg (aIRR 1. 70; 95% 
CI 0.98, 2.95), celecoxib (aIRR 0.96; 95% CI 0.76, 
1.21), ibuprofen (aIRR 0.91; 95% CI 0.78, 1.06), or 
naproxen (aIRR 0.93; 95% CI 0.82, 1.06 relative to 
nonuse 



Layton 2003 

Cohort 

n=34,355 



NR 



NR 



270 



Thromboembolic events: Rofecoxib vs 
meloxicam 

(A) cardiovascular: similar risk (RR 1.38; 95% CI 
0.71,2.67) 

;(B) cerebrovascular: increased risk with rofecoxib 
(RR 1.68; 95% CI 1.15, 2.46) 
(C) peripheral venous thrombotic: lower risk for 
rofecoxib (RR 0.29; 95% CI 0.11, 0.78) 



Velentgas 
2005 1 * 3 
Cohort 
n=424,584 



NR (40-64 NR 
years) 



5.1 months Combined endpoint of acute coronary syndrome 
and myocardial infarction: risk relative to 
ibuprofen or diclofenac (adjusted rate ratios) 
Increased risk for current use of rofecoxib (1 .35; 95% 
CI 1.09, 1.68) and but not for recent use (1.15; 95% 
CI 0.88, 1.50) 

No increased risk for current (1.03; 95% CI 0.83, 
1 .27) or recent use of celecoxib (0.91 ; 95% CI 0 70 
1.17) 

No increased risk for current (1.14 95% CI 0.93, 
1.39) or recent use of naproxen (0.86; 95% CI 0.70, 
1J04J 
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Harrison- 
Woolrych 2005 
Cohort 

Interim analysis 
of 11,149 of 
58,849 who 
completed follow 
up by 11/30/04 



NR 



NR 



NR 



Thrombotic cardiovascular events 

Celecoxib and rofecoxib were associated with similar 
risks (aHR 0.94; 95% CI 0.51, 1.70) 
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Author, Year Mean Rate of aspirin Exposure Main findings 
Data source age use (% pts) (days) 
Sample size 



Andersohn 68.7 NR Mean=542 aRR (95% CI) for diagnosis of AMI, death from 

2006* 55 days AMI, or sudden death from coronary heart 

Case-control disease (CHD) relative to nonuse: 

Cases=3,643 Increased risk for celecoxib 1 .56 (1 .23, 1 .98), 

rofecoxib 1.33 (1.06, 1.67), etoricoxib 2.02 (1.08, 
3.80) and diclofenac 1.36 (1.17, 1.58) 
No increased risk for valdecoxib 4.26 (0.60, 30.27), 
ibuprofen 1.00 (0.83, 1 .21) or naproxen 1.16(0.86, 

1_58] 

Kasliwal 2006 142 62.5 Rofecoxib=35.3% Median aRR (95% CI) for rofecoxib versus celecoxib 

Cohort Celecoxib=21 .9% Rofecoxib=1 1 1 (adjusted for age, age2, sex, and concomitant use of 

n=32,726 P<0.0001 Celecoxib=90 the combination of aspirin and/or 

p<0.0001 antiplatelet/anticoagulant agents 

(a) Cardiovascular TE: 1.04 (0.50, 2.17) 

(b) Cerebrovascular TE: 1.43 (0.86, 2.38) 

(c) Peripheral venous (DVT/PE): 0.36 (0.01, 1.34) 

aOR=adjusted odds ratio; aRR=adjusted relative risk; aIRR=adj listed incidence rate ratios; aHR=adjusted hazard ratio; 
CI=confidence interval 



Celecoxib. As summarized above, celecoxib was consistently associated with lower risks of 
serious GI lj9 and CV events !44; 145, 160 than rofecoxib in several observational studies. 
Observational studies also demonstrated that, compared with non-selective NSAIDs, celecoxib 
was consistently GI protective 139? 162 or neutral 138 and was never associated with higher risks of 
CV events. 144 ' '' 45 ' l50: l6 °. 

Specifically, with regard to GI safety, celecoxib was associated with significantly lower risks 
of GI hemorrhage when directly compared to non-selective NSAIDs (relative risk 0.23, 95% CI 
0.12, 0.43) 139 and of perforation or bleeding compared to meloxicam (RR 0.56; 95% CI 0.32, 
0.96). 162 Risk of complicated GI events was significantly lower for NSAID nonuse relative to 
numerous NSAIDs (i.e., selective NSAIDs, ibuprofen, diclofenac, naproxen, non-selective) but 
was similar relative to celecoxib. 138 

'With regard to CV safety, celecoxib was associated with similar risks (estimate range 0.77 to 
1.19) of serious CV events compared to ibuprofen, diclofenac, naproxen, and "other NSAIDs" 144 ' 
14:55 1 50 and, in one study, was associated with significantly lower risks of acute MI requiring 
admission or sudden cardiac death than ibuprofen, naproxen, or other NSAIDs. 160 

Relative to non-use, some observational studies have shown an increased risk of MI 
associated with celecoxib 149 ' l:>5 , whereas others have not. 143 ' 146 ' 147 In the two studies that found 
an association, the increased MI risk was either time-dependent 149 or dose-dependent. 155 

Additional analysis of observational studies. An important limitation of the observational 
studies is that they did not simultaneously assess the risk for serious cardiac and GI events. We 
re-analyzed data from three studies that reported rates of acute myocardial infarction, 147 hospital 
admissions for congestive heart failure, 163 and upper gastrointestinal bleeding 139 in a large cohort 
of elderly patients in Ontario, Canada, to estimate the net effects of selective and non-selective 
NSAIDs on serious cardiovascular and GI events in this population. Although the three studies 
evaluated the cohort at slightly different points in time, study methods and populations 
characteristics appeared essentially identical. 
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We calculated the effects of selective and non-selective NSAIDs on numbers of acute 
myocardial infarction, upper GI bleed, and hospitalization for heart failure using baseline rates of 
events in patients not exposed to NSAIDs and estimates of risk as reported in the studies (Table 
14). We then estimated the net effects on all three serious adverse events using fvlonte Carlo 
simulation (see Methods section for additional details). 



Table 14. Baseline rates of Ml, upper Gl bleed, and congestive heart failure (CHF) and risk associated with 
selective and non-selective NSAIDs in an Ontario cohort of elderly persons 



Adverse 
event 


Study, year 


Baseline 
rates (per 
1000 
person- 
years) 


Risk with 
celecoxib 


Risk with 
rofecoxib 


Risk with non- 
selective 
NSAIDs 


Risk with 
naproxen 


Myocardial 
infarction 


Mamdani, 
2003 147 


8.2 


0.9 (0.7 to 
1.2) 


1.0 (0.8 to 1.4) 


1.5 (1.2 to 1.8) 


1.0 (0.6 to 
1.7) 


Upper Gl 
bleed 


Mamdani, 
2002 139 


2.2 


1.0 (0.7 to 
1.6) 


1.9 (1.3 to 2.8) 


4.0 (2.3 to 6.9) 


4.0 (2.3 to 
6.9) 


Heart failure 
admission 


Mamdani, 
2004 153 


9.1 


1.0 (0.8 to 
1.3) 


1.8 (1.5 to 2.2) 


1.4 (1.0 to 1.9) 


1.4 (1.0 to 
1.9) 



Our results (see Table 15) suggest that in this population, under real-world conditions, use of 
celecoxib was neutral with regard to these adverse events when compared with non-use. On the 
other hand, use of rofecoxib, non-selective NSAIDs, and naproxen were all associated with more 
serious adverse events than they prevented (Table 15). Rofecoxib and naproxen essentially 
appeared equivalent when considering all three adverse events together, though rofecoxib was 
associated with more heart failure admissions and fewer GI bleeds. Our estimates are consistent 
with analyses of serious adverse events in VIGOR (discussed earlier), which found that rates 
were essentially equivalent for rofecoxib and non-selective NSAIDs. 1 13, 1 14 However, the result 
are discordant from analyses of serious adverse events in CLASS, which found that celecoxib 
offered no advantage over non-selective NSAIDs. 94: 1 1 J Differences in populations (the Ontario 
cohort only enrolled patients over 65 years old who filled multiple prescriptions), indications for 
starting celecoxib, dosing of celecoxib, or co-medication use might account for this discrepancy. 
In addition, because these studies only included patients who filled multiple prescriptions for 
NSAIDs, the analyses could underestimate early adverse events. 



Table 15. Effects of selective or non-selective NSAIDs on number of serious adverse events 





Estimated effect on 
Mi's (number per 
1000 person-years) 


Estimated effect on 
Gl bleed (number 
per 1000 person- 
years) 


Estimated effect on 
heart failure 
admissions 
(number per 1000 
person-years) 


Net effect on 
number of Mi's, Gl 
bleeds, and heart 
failure admissions 
(number per 1000 
person-years) 


Celecoxib 


-0.82 (-2.46 to 1.64) 


0(-0.66 to 1.32) 


0(-1.82 to 2.73) 


-0.70 (-3.58 to 2.71) 


Rofecoxib 


0(-1.64 to 3.28) 


+ 1.98 (0.66 to 3.96) 


+7.28 (4.55 to 10.92) 


+9.42 (5.47 to 13.99) 


Non-selective 
NSAIDs 


+4.1 (1.64 to 6.56) 


+6.6 (2.86 to 12.98) 


+3.64 (0 to 8.19) 


+ 14.68 (8.59 to 
22.72) 


Naproxen 


0 (-3.28 to 5.74) 


+6.6 (2.86 to 12.98) 


+3.64 (0 to 8.19) 


+10.77(3.92 to 
19.89) 
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GI and CV Safety of Valdecoxib 

The risk of clinically significant upper GI events (bleeding, perforation, and gastric outlet 
obstruction) with valdecoxib was evaluated in a fair-quality, manufacturer-funded meta-analysis 
of eight randomized controlled trials of 12 to 26 weeks duration. 117 This study prospectively 
defined ulcer complications and used independent adjudication to determine adverse events. 
However, it is not described how assiduously the trials adhered to the adjudication process. Four 
of the trials were not published, and there was insufficient information about study design to 
determine the quality of the trials. The meta-analysis found valdecoxib associated with a 
significantly lower rate of significant upper GI events compared with non-selective NSAIDs 
(0.68% vs. 1.96%, all patients; 0.29% vs. 2.08%, non-aspirin users; p<0.05). Another meta- 
analysis of five trials by the same authors found valdecoxib associated with a lower risk of 
'moderate-to-severe' upper GI symptoms compared with non-specific NSAIDs (HR 0.59, 95% 
CI 0.47 to 0.74) and similar risk relative to placebo. 164 Adverse events were self-reported by 
patients in these trials, and the quality of the trials was not assessed by the meta-analysts. Two 
of the included trials were published only in abstract form. 

We found no published trials evaluating the risk of cardiovascular events associated with 
valdecoxib in patients with arthritis. Valdecoxib was not associated with an increased risk of 
cardiovascular events relative to placebo or other NSAIDs in any of three fair-quality meta- 
analyses of primarily unpublished data. The ability to detect increased cardiovascular risk in all 
of these meta-anslyses is limited by small numbers of events. A meta-analysis funded by Pfizer 
and presented to the FDA in February 2005 analyzed primarily unpublished data from 19 trials 
of patients with chronic pain (methods described above in the section on celecoxib). l3:) Thirteen 
studies were of patients with osteoarthritis or rheumatoid arthritis. Three were longer than 12 
weeks in duration. There was no association between valdecoxib use and either cardiovascular 
thromboembolic events or myocardial infarction (Table 16). However, only 5 of 4,438 patients 
(0.2%) randomized to valdecoxib in the placebo-controlled trials and 6 of 4,591 (0. 1%) in the 
active-controlled trials had a cardiovascular event. An earlier meta-analysis of 1 0 trials (also 
funded by Pfizer, and using similar methods) also found no difference in risk for myocardial 
infarction between valdecoxib and either placebo or other NSAIDs. 134 



Table 16. Myocardial infarction in trials of valdecoxib for chronic pain: meta-analysis of 19 trials 135 



Comparison 


Relative risk for myocardial infarction 


Valdecoxib >=10 mg/day versus placebo 


1.80 (0.47-6.97) 


Valdecoxib >=10 mg/day versus non-selective NSAID 


0.32 (0.12-0.87) 



The most recent meta-analysis (not funded by the manufacturer) included 14 placebo- 
controlled trials (Table 17). 129 There were no significant differences between valdecoxib and 
placebo for the outcomes any vascular event (RR 1.47, 95% CI 0.44 to 4:95), myocardial 
infarction (RR 1.65, 95% CI 0.28 to 9.87), stroke (RR 0.85, 95% CI 0.07 to 10.6) or vascular 
death (RR 2.72, 95% CI 0.49 to 15.2). A total of 14 vascular events (1.9%) and 8 myocardial 
infarctions (1.1%) occurred among the 748 patients in the valdecoxib arms. 
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Table 17. Cardiovascular events in trials of valdecoxib versus placebo: meta-analysis of 14 trials 1 



Comparison 


Outcome 


Relative risk I 


Valdecoxib versus placebo 


Any vascular event 


1.47 (0.44-4.95) 


Valdecoxib versus placebo 


Myocardial infarction 


1.65 (0.28-9.87) 


Valdecoxib versus placebo 


Stroke 


0.85 (0.07-10.6) 


Valdecoxib versus placebo 


Vascular death 


2.72 (0.49-15.2) 



None of the meta-analyses included two short-term (<2 month) trials in the high-risk setting 
of post-coronary artery bypass surgery. 165 ' 166 In these trials, parecoxib (an intravenous coxib 
rapidly converted to valdecoxib) followed by valdecoxib (40 mg bid 165 or 20 mg bid 166 ) was 
associated with a two- to three-fold higher short-term risk of cardiovascular events compared 
with placebo (pooled relative risk 3.08, 95% CI 1.20 to 7.87). 167 

FDA information. A warning was added to the valdecoxib product label in November, 2002. 
It was prompted by reports of cases of serious anaphylactic reactions and serious dermatologic 
adverse events in postmarketing surveillance. 168 A study of two large European data sources and 
the US FDA spontaneous adverse events reporting system prior to the introduction of COX-2 
inhibitors found other NSAIDs — in particular piroxicam and tenoxicam — also associated with 
Stevens- Johnson syndrome and toxic epidermal necrolysis. 169 However, the rates of these events 
were extremely low, on the order of one per 100,000 or less during an initial 8-week course of 
therapy. 

GI and CV Safety of Etoricoxib 

A fair quality meta-analysis of ten RCTs, which included long-term (>1 year) data from 7 
trials of OA, RA, or ankylosing spondylitis patients, found etoricoxib at doses ranging from 5 to 
120 mg/day (mean dose 87 mg/day) associated with a lower risk of confirmed PUBs (upper GI 
perforations, symptomatic gastroduodenal ulcers, and upper GI bleeding) compared to diclofenac 
150 mg/day, naproxen 1000 mg/day or ibuprofen 2400 mg/day (1.24% vs. 2.48%, RR 0.48, 95% 
CI 0.32, 0.73). This meta-analysis was rated fair quality because it did not provide adequate 
detail of the included trials and did not evaluate the effects of dose, duration, or other potential 
sources of heterogeneity. In addition, it included results of noncomparative extension phases in 
its analyses, resulting in unequal durations of follow-up for the etoricoxib group (median 12.4 
months) compared to the non-selective NSAID groups (median 6.3 months). There were too few 
events in patients on concomitant aspirin (8 overall) to evaluate its effects on GI safety. An 
earlier meta-analysis that used similar methods to analyze rates of perforations, symptomatic 
ulcers, and bleeds reported similar results. 171 

There is only limited evidence regarding the CV risk associated with long-term use of 
etoricoxib. One 52-week trial reported that no patients randomized to naproxen and five (2%) 
randomized to etoricoxib (four receiving 90 mg/day; one 120 mg/day) experienced a serious 
cardiovascular adverse event. 172 

Three meta-analyses have evaluated cardiovascular risks associated with etoricoxib. The 
largest and most recent meta-analysis (by Kearney and colleagues) included 1 7 placebo- 
controlled trials of patients (1,167 person-years of exposure) mainly with osteoarthritis or 
rheumatoid arthritis. 129 Most of the trials had short (less than 12 weeks) placebo-controlled 
periods. There was no difference between etoricoxib and placebo for risk of any vascular event 
(RR 1.78, 95% CI 0.43 to 7.40), myocardial infarction (RR 4.48, 95% CI 0.20 to 99.4), stroke 
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(RR 1.17, 95% CI 0.2 1 to 6.51), or vascular death (RR 4.48, 95% CI 0.36 to 56.3). The number 
of cardiovascular events was very low, with only two myocardial infarctions over 753 person- 
years of exposure to etoricoxib (0.3%). A less-comprehensive systematic review of five short- 
term trials (all included in the Kearney meta-analysis) also found no significant increased risk of 
thromboembolic event (pulmonary embolism, deep vein thrombosis, myocardial infarction, 
unstable angina, cerebrovascular accident, or transient ischemic attack) with etoricoxib (dose 
range 30 to 90 mg) versus placebo (OR 1.49, 95% CI 0.42-5.3 1). 173 A third meta-analysis 
(available only as an abstract) of 12 trials of unspecified durations found that the cardiovascular 
safety of etoricoxib compared favorably to placebo and non-selective NSAIDs (RR 1.11, 95% CI 
0.32, 3.81 and RR 0.83, 95% CI 0.26, 2.64, respectively) though there was a trend towards 
increased risk compared to naproxen (RR 1.70, 95% CI 0.91,3. 18). 174 

GI and CV Safety of Lumiracoxib 

One large (N= 18,325), long-term (52 weeks) study of osteoarthritis patients (The Therapeutic 
Arthritis Research and Gastrointestinal Event Trial, or TARGET) compared the safety of a 
supratherapeutic dose of lumiracoxib (400 mg/day) to naproxen (1000 mg/day) or ibuprofen 
(2400 mg/day) over 52 weeks. 175 " 177 In patients not taking aspirin, lumiracoxib was associated 
with a lower risk of bleeding, perforation, or obstruction compared to naproxen or ibuprofen (HR 
0.21, 95% CI 0.12, 0.37, 1-year incidence of ulcer complications 0.25% vs. 1.09%). 17:> There 
was no difference in ulcer complication risk among aspirin users (HR 0.79, 95% CI 0.40, 1.55). 
The rate of myocardial infarction was low, ranging from 0.16% to 0.38%, and there were no 
statistically significant differences between interventions (HR 1.77 for lumiracoxib versus 
naproxen, 95% CI 0.82, 3.84 and HR 0.66 for lumiracoxib versus ibuprofen, 95% CI 0.21, 
2.09). 177 

A recent fair-quality meta-analysis of 12 primarily short-term trials found no significant 
increase in risk of vascular events (RR 1.13, 95% CI 0.43 to 2.93), myocardial infarction (RR 
1.07, 95% CI 0.20 to 5.63), stroke (RR 0.63, 95% CI 0.13 to 3.11), or vascular death (RR 2.55, 
95% CI 0.54 to 12.0) with lumiracoxib relative to placebo. 129 The number of events, however, 
was low, with only five myocardial infarctions among 1375 patients in the lumiracoxib arms 
(0.4%). 

GI and CV Safety: Comparison of NSAIDs 

Partially selective NSAIDs. Evidence that meloxicam, nabumetone, and etodolac prevent 
ulcer complications is weaker than that for coxibs. Meloxicam is the most widely studied of the 
three drugs and was generally associated with no advantage in GI protection relative to other 
partially-selective and non-selective NSAIDs or non-use. 43, 178-185 Evidence for nabumetone and 
etodolac is sparse and insufficient to make reliable judgments about comparative GI and CV 
safety. 

Meloxicam Risks of serious ulcer complications (perforation, bleeding, or obstruction) 
and/or MI were reported in one clinical trial of meloxicam 179 and three observational studies. 143, 

I RO 1 R9 

In the single, poor-quality (non-randomized and non-blinded) trial, meloxicam was not 
associated with significant differences in rates of GI hemorrhage at 6 months relative to other 
NSAIDs (RR 0.32; 95% CI 0.06, 1 .63) in 4,526 rheumatoid arthritis patients seen by family or 
internal medicine physicians in Germany between August 1996 and July 1997. 179 However, 
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differences in baseline disease severity could have favored the control group, and it is unclear 
whether the analyses adjusted for such baseline differences. Estimates of GI and CV risk have 
also been reported in two recent (2004) cohort studies that followed participants for 14 months 180 
and 2.4 years. 143 GI complication-related hospitalizations were similar for meloxicam (0), 
nabumetone (l s 4.5%), salsalate (1, 5.9%), naproxen (5 : 7.9%), and ibuprofen (0) among a cohort 
of long-term care residents in Indiana (mean age=81.2 years). 180 In a cohort of 59,724 elderly 
individuals in Quebec, meloxicam (adjusted rate ratio 1.06; 95% CI 0.49, 2.30) and naproxen 
(1.17; 95% CI 0.75, 1.84) were associated with similar increases in risk of MI relative to non- 
use. 143 Meloxicam (RR 1.5; 95% CI 0.1, 17.1), naproxen (RR 1.0; 95% CI 0.3, 3.3), and 
piroxicam (RR 0.7: 95% CI 0.2, 2.3) were also associated with similar nonsignificant risks of MI 
relative to diclofenac in a nested case-control study using data from the UK GPRD. 182 

Estimates of GI risk as measured by a composite score that included GI tolerability, PUBs, 
hospitalization or Gl-related death outcomes were reported in a good-quality meta-analysis. 183 
Compared to non-use, the composite GI risk for meloxicam (RR 1.24; 95% CI 0.98, 1.56) was 
comparable with that of non-selective NSAIDs. Relative risks of GI hospitalizations or GI- 
related deaths alone were not reported. Composite GI outcome data from cohort studies were 
also analyzed in this study and suggested higher risk estimates (combined NSAID RR 2.2, 95% 
CI 1.7, 2.9) than the trials, but the results were not stratified by individual NSAIDs. 

Three meta-analyses focussing only on short-term trials reported PUBs (perforation, 
symptomatic ulcer, or bleeding) associated with meloxicam. The first meta-analysis included 10 
trials (seven double-blinded). 1 1 Most of the patients were followed for only 4 weeks, and the 
dose of meloxicam was 7.5 mg in 4 trials and 15 mg in 6 trials. The meta-analysis did not report 
absolute event rates, but found that the risk of PUBs was reduced in the meloxicam patients (OR 
0.52, 95% CI 0.28-0.96) relative to non-selective NSAIDs. A twelve-week double-blind trial of 
meloxicam 7.5, 15 or 22.5 mg and diclofenac 75 mg bid in RA patients (n=894) published after 
this meta-analysis found similar PUB rates (1.1%, 0.5%, 0.6%, and 0%, respectively) in all 
arms. 178 In a more recent meta-analysis funded by the manufacturer of meloxicam and using 
manufacturer-held documents from 28 trials, there was a dose-response relationship between 
meloxicam and PUBs as ascertained by a blinded, external adjudication committee. 186 
Meloxicam at 7.5 mg was associated with lower PUB rates during the first 60 days compared to 
diclofenac, piroxicam, or naproxen, but the 1 5 mg dose was only associated with lower PUB 
rates than piroxicam. In a third meta-analysis (not yet published) of three short-term (4- to 6- 
week) trials, there was no difference in the risk of complicated ulcers (perforations, obstructions 
and bleeds) associated with meloxicam relative to the non-selective NSAIDs piroxicam (two 
trials 47 ' 52 ) and diclofenac(one trial 49 ), with a relative risk of 0.50 ( 95% CI 0.23, 1.12). 115 

Nabumetone. For nabumetone, a fair-quality meta-analysis of six short-term (3 to 6 months) 
studies (five published and one abstract) found one PUB event among 4,098 patients taking 
nabumetone versus 17 events among 1,874 non-selective NSAID patients; this result was highly 
statistically significant. 187 The absolute PUB rates were about 2 versus 6 per 1,000 patient-years. 
For comparison, in a similar meta-analysis of rofecoxib studies, the PUB rates per 1,000 patients 
per year were 13 for rofecoxib and 26 for NSAIDs; 1 18 it is not clear why the rates of PUBs were 
so much lower in the nabumetone trials. There was also a significant reduction in treatment- 
related hospitalizations in the nabumetone group (6.4 per 1,000 patients per year vs. 20.3 per 
1,000 patients per year). The results of this meta-analysis are not directly comparable to other 
trials and meta-analyses that reported complicated ulcers as a separate outcome because 
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symptomatic ulcers were also included. In addition, the methods used to ascertain the endpoints 
in the trials were not described in enough detail to determine whether they were accurate and 
applied consistently. Finally, the similarity of the subjects in the efficacy trials to a broader 
group of NSAID users could not be determined. 

Etodolac. We found no trials reporting rates of serious GI complications in patients taking 
etodolac. In two observational studies, etodolac was not associated with a lower rate of PUBs 
compared to non-use or naproxen. In another observational study using data from the UK 
General Practice Database, the adjusted relative risks of PUB compared with non-use ranged 
from 2.2 (95% CI 0.4, 1 1.3) for etodolac to 6.2 (95% CI 3.7, 10.1) for piroxicam and overlapped 
across all NSAIDs studied. 189 When compared to naproxen using historical data from Dallas 
Veterans Affairs Medical Center records, etodolac had a GI protective effect for all users (RR 
0.24, 95% CI 0.09, 0.63) and for NSAID-naive users (RR 0.18, 95% CI 0.05, 0.61) only when 
low-dose aspirin was not taken concomitantly. 188 

Non-selective NSAIDs - GI safety. Randomized controlled trials 1 15 and observational 
studies 11, 190, 191 consistently report that non-selective, non-aspirin NSAIDs are associated with 
increased risks of serious GI events relative to non-use. There is no clear, consistent evidence 
that any one non-selective, non-aspirin NSAID is any less risky than another. 

Preliminary results (not yet published) from a meta-analysis of randomized controlled trials 
found that selective COX-2 inhibitors as a class (defined by the investigators as celecoxib, 
rofecoxib, valdecoxib, lumiracoxib, and meloxicam) were associated with lower risks of 
complicated ulcers (perforation, obstruction, or bleed) when compared with naproxen (0.34; 95% 
CI 0.24, 0.48), ibuprofen (0.46; 95% CI 0.30 ; 0.70), and diclofenac (0.31; 95% CI 0.06, 1.61). 115 
There were no clear differences among the three non-selective NSAIDs. The validity of these 
findings, however, cannot be assessed until the full report is published. However, they are 
consistent with results from a previous meta-analysis in which increased risks of GI 
complications (major plus minor) were similar for different NSAIDs relative to non-use: 
indomethacin (RR 2.25; 95% CI 1.01, 5.07), naproxen (RR 1.83; 95% CI 1.25, 2.68), diclofenac 
(RR 1.73; 95% CI 1.21, 2.46), piroxicam (RR 1.66; 95% CI 1.14, 2.44), tenoxicam (RR 1.43; 
95% CI 0.40, 5.14), meloxicam (RR 1.24; 95% CI 0.98, 1.56) and ibuprofen (RR 1.19; 95% CI 
0.93, 1.54). 183 

In an earlier, collaborative meta-analysis of cohort and case-control studies published 
between 1985 and 1994, use of all non-selective NSAIDs were associated with significantly 
increased risks of peptic ulcer complication hospitalizations relative to non-use. 1 Ibuprofen, at 
doses used in general practice, was associated with the lowest risk of peptic ulcer complication- 
related hospitalizations. 190 In a subsequent meta-analysis of cohort and case-control studies 
published between 1990 and 1999, however, risk of serious GI event-related hospitalizations and 
specialist visits was dose-dependent, and was no lower for ibuprofen compared to any other non- 
aspirin, non-selective NSAID when results were stratified by low to medium (RR 2.1, 95% CI 
1.6, 2.7) or high dose (RR 5.5, 95% CI 3.0, 10.0) (Table 18). 184 ' 191 A more recent review of 
observational studies published through 2002 also found GI bleeding risk increased for all non- 
selective NSAIDs, and risk appeared related more to dose than to the specific drug evaluated. 11 
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Table 18. Relative Risk (95% CI) of UGIB* for NSAlDs vs. non-use 





Hernandez-Diaz 
2000 191 


Garcia-Rodriquez 
2001 




Dose 

Overall Low-Medium High 


Overall 


NSAID 


Diclofenac 


3.3 (2.8, 3.9) 


3.1 (2.0, 4.7) 


3.6 (2.3, 5.6) 


4.6 (3.6, 5.8) 


Ibuprofen 


1.9(1.6, 2.2) 


2.1 (1.6, 2.7) 


5.5(3.0, 10.0) 


2.5(1.9, 3.4) 


Indomethacin 


4.6 (3.8, 5.5) 


3.0 (2.2, 4.2) 


6.5 (4.8, 8.6) 


5.2 (3.2, 8.3) 


Ketoprofen 


4.6 (3.3, 6.4) 


NR 


NR 


3.3 (1.9, 5.9) 


Naproxen 


4.0 (3.5, 4.6) 


3.5 (2.8, 4.3) 


5.1 (3.8, 6.9) 


4.0 (2.8, 5.8) 


Piroxicam 


6.3 (5.5, 7.2) 


5.6 (4.7, 6.7) 


6.2 (4.4, 8.7) 


6.2 (3.7, 10.1) 


Sulindac 


3.6(2.8, 47) 


NR 


NR 


NR 



* Upper GI tract bleeding/perforation 



Non-selective NSAIDs were also associated with an increased risk of serious GI events in 
more recent observational studies. Ibuprofen (Odds Ratio 1.42. 95% CI 1.27, 1.59). diclofenac 
(OR 1.96; 95% CI 1.78, 2.15) and naproxen (OR 2.12, 95% CI 1.73, 2.15) were all associated 
with increased risks of GI hemorrhage, perforation, surgery or undefined uncomplicated events 
relative to non-use in a case-control study of the UK General Practice Research Database. 138 
Odds ratios for upper GI events resulting in hospitalization associated with NSAIDs relative to 
non-use ranged from 3.1 (95% CI 2.0, 4.9) for ibuprofen to 24.7 (95% CI 8.0, 77.0) for ketorolac 
based on data from 10 hospitals in Spain using a case-control design. 141 

Non-selective NSAIDs - CV Safety 

Randomized controlled trials. Evidence regarding the comparative risk of serious CV events 
for non-selective NSAIDs is more limited than the evidence for selective COX-2 inhibitors. In 
particular, long-term clinical trials are lacking. A recent, fair-quality meta-analysis by Kearney 
and colleagues of 91 trials (mostly ranging from 4 to 13 weeks in duration) evaluated risks with 
any non-selective NSAID (33,260 oerson-years of exposure) compared to any COX-2 inhibitor 
(23,325 person-years of exposure). 29 Most of the trials evaluated naproxen (42 trials), ibuprofen 
(24 trials), and diclofenac (26 trials); only 7 evaluated other non-selective NSAIDs. 
Generalizability to usual practice could be limited because the majority of the trials evaluated 
higher than standard doses of NSAIDs. Much of the data regarding cardiovascular event rates 
were obtained by requesting unpublished data from trial sponsors. Other characteristics of this 
meta-analysis are discussed in more detail in the section on cardiovascular risks associated with 
rofecoxib. 

Table 19 shows estimates of risk for different cardiovascular outcomes with COX-2 
inhibitors relative to non-selective NSAIDs. Risk of myocardial infarction was similar with 
COX-2 inhibitors and non-naproxen NSAIDs, but about two-fold greater for COX-2 inhibitors 
compared to naproxen (0.6% or 99/16360 vs. 0.3% or 30/10,978, RR 2.04, 95% CI 1.41 to 2.96). 
This is equivalent to about one additional myocardial infarction for every 301 patients treated for 
one year with a COX-2 inhibitor instead of naproxen. COX-2 inhibitor use was also associated 
with a lower risk of stroke relative to non-naproxen NSAIDs (RR 0.62, 95% CI 0.41 to 0.95). In 
subgroup analyses of specific non-selective NSAIDs (ibuprofen, diclofenac, other non-selective 
NSAIDs), the difference in stroke risk was only observed with diclofenac, which was usually 
evaluated at high doses (RR 0.48, 95% CI 0.27 to 0.83). There was insufficient data to analyze 
the effects of lower doses on estimates of risk. 
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Table 19. Rate Ratios (95% CI)*: COX 2 inhibitor relative to non-selective NSAID 



NSAID group 


Vascular events 


Myocardial 
Infarction 


Stroke 


Vascular 
Death 


Any non-selective 
NSAID 


1.16(0.97 to 1.38) 


1.53 (1.19 to 1.97), 
p=0.0009 


0.83 (0.62 to 1.12) 


0.97 (0.69 to 1.35) 


Any non-naproxen, 
non-selective NSAID 


0.88 (0.69 to 1.12) 


1.20 (0.85 to 1.68) 


0.62 (0.41 to 0.95), 
p=0.03 


0.67 (0.43 to 1 .06) 


Naproxen 


1.57(1.21 to 2.03) 


2.04(1.41 to 2.96), 
p=0.0002 


1.10 (0.73 to 1.65) 


1.47 (0.90 to 2.40) 



*Rate ratios below I favor COX 2 inhibitors and rate ratios above I favor NSAIDs 



Kearney and colleagues found insufficient data to directly estimate risks of non-selective 
NSAIDs from placebo-controlled trials. Indirect analyses (based on trials of non-selective 
NSAIDs versus COX-2 inhibitors and trials of COX-2 inhibitors versus placebo) suggest an 
increased risk of vascular events with ibuprofen (RR 1.51, 95% CI 0.96 to 2.37) and diclofenac 
(RR 1.63, 95% CI 1.12 to 2.37) relative to placebo, but not with naproxen (RR 0.92, 95% CI 
0.67 to 1.26). However, indirect analyses should be interpreted with caution because they can 
give discrepant results compared to head-to-head comparisons. 192 

In December 2004, the Alzheimer's Disease Anti-Inflammatory Prevention Trial (ADAPT) 
was suspended in part because of an "apparent increase in cardiovascular and cerebrovascular 
events among the participants taking naproxen when compared with those on placebo." 111 
However, further details from the ADAPT trial have not yet become available. 

Observational studies — naproxen. The risk of MI and other cardiovascular events associated 
with various non-selective NSAIDs has been evaluated in numerous observational studies. 
Naproxen has been the most extensively studied non-selective NSAID because of interest 
generated after the results of the VIGOR trial were published. In order to assess the proposed 
hypothesis that naproxen is protective against myocardial infarction (rather than rofecoxib 
causing additional myocardial infarctions), authors of a meta-analysis of randomized controlled 
trials of rofecoxib also analyzed 1 1 observational studies of naproxen (four based on the General 
Practice Research Database). 124 Compared with non-naproxen NSAIDs, naproxen was 
associated with a small cardioprotective effect (OR 0.86, 95% CI 0.75 to 0.99). The modest 
cardioprotective effect would not completely explain the 80% reduction in risk with naproxen 
compared with rofecoxib observed in the VIGOR trial. In addition, meta-regression analyses 
indicated that the funding source largely explained between-study heterogeneity. Specifically, 
Merck-funded studies of naproxen reported larger cardioprotective effects. 

An FDA review of four observational studies of naproxen reporting a cardioprotective effect 
illustrate some difficulties in interpreting the results. 14 In a study by Rahme and colleagues, 
current exposure to naproxen was associated with a lower risk of acute MI compared with 
exposure to other NSAIDs (OR 0.79, 95% CI 0.63 to 0.99). 193 However, when the FDA 
reviewer re-analyzed the data to compare current exposure to naproxen to non-use of NSAIDs, 
naproxen was associated with a higher risk (OR 1.28, 95% CI 1.10 to 1.49). 148 Although the 
FDA re-analysis was not adjusted for confounders, examination of adjusted and unadjusted 
results in the paper suggests that the effects of adjusting would be minor. A study by Kimmel 
and colleagues found naproxen associated with a lower risk of MI compared with non-use (OR 
0.48, 95% CI 0.28 to 0.82), but the results were susceptible to participation bias (about 50% of 
cases and controls participated) and recall bias (exposure determined by telephone interviews 
rather than by using pharmaceutical databases or other sources). 194 The third study, by Watson 
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and colleagues, reported a lower risk of thromboembolic cardiovascular events with current use 
of naproxen versus non-use (OR 0.61, 95% CI 0.39 to 0.94), but did not adequately control for 
baseline cardiovascular risk (it used an unvalidated composite measure of risk). 195 Further, when 
the endpoint of MI alone rather than the composite endpoint of thromboembolic cardiovascular 
events (which included subdural hematoma, subarachnoid hemorrhage, ischemic stroke, sudden 
death, or MI) was evaluated, the reduction in risk was not significant (OR 0.57, 95% CI 0.31 to 
1 .06). Finally, a study by Solomon and colleagues reported a lower risk of MI with use of 
naproxen within 6 months of an acute MI (OR 0.84, 95% CI 0.72 to 0.98). 196 However, the risk 
was reduced to a similar degree when the naproxen prescription had run out between 61 and 180 
days earlier. Unless naproxen exerts a long-term cardioprotective effect (which is thought to be 
highly unlikely), these findings are suggestive of underlying selection bias — in other words, 
persons receiving naproxen were at lower risk for cardiovascular events, and adjustment for 
known confounders did not eliminate this bias. 

In four other recent observational studies (not included in the Juni systematic review) 
evaluating cardiovascular risk, naproxen was not associated with a cardioprotective effect 
relative to non-use (Table 20). 143 ' 465 149, b5, 160 However, naproxen was also not clearly 
associated with an increased risk of myocardial infarction. None of these studies received 
pharmaceutical industry funding. The FDA review also included two other unpublished studies 
(Ingenix and MediCal studies) that found no cardioprotective benefit associated with 

148 

naproxen. 



Table 20. Risk of myocardial infarction associated with naproxen in recent observational studies not 
included in the Juni meta-analysis 



Study 


Estimate of risk (current use versus no or remote 
use) 


Hippisley-Cox, 2005 ,Ga 


1.27(1.01 to 1.60) 


Levesque, 2005 14J 


1.17(0.75 to 1.84) 


Johnsen, 2005"* 


1.50 (0.99 to 2.29) 


Andersohn2006 ,:j:j 


1.16(0.86 to 1.58) 



Overall, the general conclusion from observational studies of a modest decrease in 
cardiovascular risk associated with naproxen relative to other NSAIDs appears consistent with a 
systematic review of RCTs. 129 On the other hand, protective cardiovascular effects of naproxen 
relative to non-use observed in some observational studies usually appear to be explainable by 
issues related to study design or analysis. More recent, high-quality observational studies are 
mostly consistent with a neutral cardiovascular effect of naproxen relative to non-use. 

Observational studies — non-naproxen NSAIDs. Results from observational studies 
regarding the cardiovascular risk associated with non-naproxen, non-selective NSAIDs are 
mixed. Non-selective NSAIDs as a class and individual NSAIDs have not been consistently 
associated with increased risks. Results from recent observational studies from the COX-2 era 
are summarized in Table 21. 
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Table 21. Risk of myocardial infarction associated with non-selective, non-naproxen NSAIDs 



Study 


Drug 


Estimate of risk (current use 
ver^u*; no or rpmntp ijcp! 


Hippisley-Cox, 2005"° 


Ibuprofen 

Dirlnfpn^r 

Other non-selective, non-naproxen 
NSAIDs 


1.24(1.11 to 1.39) 
1.21 (1.02 to 1.44) 


Graham, 2005 mu 


Non-selective, non-naproxen 
NSAIDs 


1.13(1.01 to 1.27) 


Levesque, 2005 14J 


Non-selective, non-naproxen 
NSAIDs 


1.00 (0.73 to 1.37) 


Johnsen, 2005 


Non-selective, non-naproxen 
NSAIDs 


i .50 (O.yy to <d.29) 


Garcia Rodriguez, 2004 1OD 


Ibuprofen 

Diclofenac 

Ketoprofen 

Piroxicam 

inaomeinacin 

Other non-selective, non-naproxen 
NSAIDs 


1.06 (0.87 to 1 .29) 
l .1 o (U.yy tO 1 .40) 
i .Uo ^u.oy to \ .yo; 
1.25 (0.69 to 2.25) 

U. 00 \}J. 00 10 1 .oc.) 

0.89 (0.63 to 1.25) 


Marnaani, zvuo 


Non-selective, non-naproxen 
NSAIDs 


1 .<£ (U.y 10 1 A) 


Ray, 2002 ,: " 


Ibuprofen 


0.91 (0.78 to 1.06) 


Solomon, 2002'*° 


Ibuprofen 


1.02 (0.88 to 1.18) 


Watson, 2002 iy * 


Ibuprofen 
Diclofenac 


0.74 (0.35 to 1.55) 
1.68 (1.14 to 2.49) 


Andersonn, Zuub 


Ibuprofen 
Diclofenac 


1.36 (1.17, 1.58) 


Schlienger 2002 ,y ' 


Ibuprofen 

Diclofenac 

Piroxicam 

Ketoprofen 

Indomethacin 

Flurbiprofen 


1.17 (0.87, 1.58) 

1.38 (1.08, 1.77) 
1.65 (0.78, 3.49) 

1.39 (0.77, 2.51) 
1.03 (0.58, 1.85) 
2.26 (0.93, 5.46) 



In April 2005, after reviewing the available observational data, the FDA issued a Public 
Health Advisory stating, "Long-term controlled clinical trials have not been conducted with most 
of these (non-selective) NSAIDs. However, the available data suggest that use of these drugs 
may increase CV risk. It is very difficult to draw conclusions about the relative CV risk among 
the COX-2 selective and non-selective NSAIDs with the data available. All sponsors of non- 
selective NSAIDs will be asked to conduct and submit to FDA a comprehensive review and 
analysis of available controlled clinical trial databases pertaining to their NSAID product(s) to 
which they have access to further evaluate the potential for increased CV risk." 1 The FDA also 
required labeling changes to both prescription and non-prescription non-selective NSAIDs 
warning about potential cardiovascular risks. 

Aspirin. Aspirin is known to be protective against occlusive vascular events because of its 
irreversible antiplatelet effects. In a collaborative meta-analysis of 65 randomized controlled 
trials of aspirin for prophylaxis against thrombotic events, any dose of aspirin reduced the risk of 
vascular events by an average of 23% (standard error 2). 199 The cardioprotective effects of 
aspirin appeared lower (13%) in three trials evaluating doses of lower than 75 mg/day, but in 
trials that directly compared higher and lower doses, there were no significant differences. 
Again, the populations evaluated in these trials probably varied substantially from trials of 
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patients with arthritis. 

In fact, randomized controlled trials assessing the risk of upper GI bleeding with aspirin have 
mainly been conducted in populations receiving aspirin as prophylaxis for thrombotic events. It 
is for this reason that the populations evaluated in these trials may differ on risk factors for 
bleeding compared to patients who take aspirin for arthritis, as well as being at higher 
cardiovascular risk. Randomized controlled trials 200 and observational studies ^eneraU^ reported 
that aspirin increases risk of serious GI events relative to placebo or non-use, 13 : l90 ' 200 '- 01 but at a 
rate similar to that of other non-selective NSAIDs. 138 ' ,89? 90 In these studies, the dose of aspirin 
varied widely and was generally lower (50 mg to 1500 mg daily) than the doses considered 
effective for analgesia and anti-inflammatory effects, and patients typically received aspirin for 
prolonged periods. In a good-quality meta-analysis of 24 randomized trials with nearly 66,000 
participants, the risk of gastrointestinal hemorrhage was 2.47% with aspirin compared with 
1.42% with placebo (OR 1.68, 95% CI 1.51 to 1.88), based on an average of 28 months 
therapy. 200 There was no relation between gastrointestinal hemorrhage and dose in this study. 
Further, modified release formulations did not attenuate the risk for bleeding. In a more recent, 
fair-quality meta-analysis of 31 randomized trials with over 190,000 subjects, the risk of major 
bleeding was 1.56% with doses <100 mg, 1.54% with 100-200 mg, and 2.29% with >200. 20 
Although the difference between doses >200 and <100 was statistically significant, the absolute 
differences are small. 

Systematic reviews of cohort and case-control studies published between 1985 and 2001 
reported similar findings, 189 ' 190,201 except that the most recent review found a dose-response 
relationship between aspirin and risk of bleeding. 189 However, aspirin was associated with upper 
GI bleeding even at low doses. Findings from a recent UK practice-based case-control study 
(9,407 cases) found that compared with non-use, aspirin was associated with an increased risk of 
complicated or uncomplicated adverse GI events (odds ratio 1.60, 95% CI 1.49, 1.72) similar to 
that of naproxen, diclofenac, and ibuprofen. 138 These findings are consistent with a systematic 
review of observational studies that only assessed peptic ulcer-related hospitalizations. 

Salsalate. Serious GI event rates (bleeding, perforation, obstruction) associated with 
salsalate were only reported in one cohort of long-term care residents in Indiana. The number of 
cases of Gl-related hospitalizations associated with salsalate (1, 5.9%) after 14 months was 
similar to that of other selective and non-selective NSAIDs (cited in partially selective NSAID 
section above). 180 

Other Adverse Events Associated with Selective and Non-Selective NSAIDs 

Mortality. Large clinical trials have not shown differences in mortality rates between 
different NSAIDs. In VIGOR, for example, mortality was 0.5% with rofecoxib versus 0.4% 
with naproxen, 19 and in CLASS mortality rates were 0.47%, 0.37%, and 0.45% for celecoxib, 
diclofenac, and ibuprofen, respectively 94 A meta-analysis that included unpublished company 
clinical trial data (including CLASS) found no significant difference in rates of death in patients 
randomized to celecoxib compared with non-selective NSAIDs, though there were few events 
(0.03%> or 6/18,325 in the celecoxib arms versus 0.1 1% or 14/12,685 in the NSAID arms). 62 In 
one retrospective cohort study of Saskatchewan health-services databases that followed patients 
from 6 months following prescription until death, nabumetone was associated with significantly 
lower rates of all-cause mortality compared with diclofenac (adjusted odds ratio 1.96; 95% CI 
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1.25, 3.07) and naproxen (adjusted odds ratio 2.95, 95% CI 1.88, 4. 62). 203 However, we found 
no other studies replicating this finding. 

Hypertension, CHF, edema, and renal function. All non-selective NSAIDs appear to be 
associated with increases in blood pressure. However, evidence regarding differential effects of 
specific NSAIDs is somewhat conflicting. Two meta-analyses of placebo-controlled trials have 
compared the effects of different non-selective NSAIDs on blood pressure increases. 204,205 One 
meta-analysis found that non-selective NSAIDs raised mean blood pressure by an average of 
about 5.0 mm Hg (95% CI, 95% CI 1 .2 to 8.7). 204 Piroxicam produced the most marked 
elevation in blood pressure. 204 By contrast, the other meta-analysis found that piroxicam and 
ibuprofen had negligible effects on blood pressure, and that indomethacin and naproxen were 
associated with the largest increases. 205 In both meta-analyses, aspirin and sulindac were 
associated with minimal hypertensive affect. In an analysis of head-to-head trials, there were no 
significant differences between indomethacin and sulindac (10 trials), indomethacin and 
salicylate (one trial), diclofenac and sulindac (one trial), ibuprofen and sulindac (one trial), and 
naproxen and sulindac (three trials). 204 The reliability of the meta-analyses is compromised by a 
high likelihood of publication bias; more than half of published NSAID trials did not report 
hypertension rates as an outcome. 205 

Several studies have reported hypertension outcomes for selective COX-2 inhibitors 
compared to non-selective NSAIDs. One fair-quality meta-analysis found COX-2 inhibitors as a 
class (celecoxib, rofecoxib, and etoricoxib) not associated with an increased risk of developing 
hypertension compared to non-selective NSAIDs (RR 1.25, 95% CI 0.87 to 1.78). Pooling 
evidence on blood pressure effects from various selective and non-selective NSAIDs may be 
misleading, however, because of potential differences between COX-2 inhibitors, dissimarilities 
in dosing and comparator drugs, and a high likelihood of publication bias affecting conclusions. 

Evidence regarding risks of hypertension with rofecoxib is somewhat mixed. A good-quality 
Cochrane review found that rates of edema and hypertension were not reported in most trials. 77 
For rofecoxib versus nabumetone, there was no difference in the rate of hypertension in two 
trials (pooled RR 1.46, 95% CI 0.53 to 4.12). A meta-analysis of nine phase Ilb/III osteoarthritis 
trials sponsored by the manufacturer of rofecoxib found that rofecoxib 12.5 mg and 25 mg daily 
were associated with higher rates of lower extremity edema, congestive heart failure, and 
hypertension than placebo. 206 Edema and hypertension rates were similar between the rofecoxib 
(1 .2 per 100 patient-months) and ibuprofen (1.3 per 100 patient-months) groups but somewhat 
higher than in the diclofenac group (0.3 per 100 patient months). Discontinuations due to these 
adverse events were rare: of 2,829 randomized to rofecoxib, seven discontinued due to edema, 
two due to hypertension, and one due to CHF. However, five of the nine trials were shorter than 
6 weeks in duration, so these rates may not be representative of results in long-term users. A 
more recent fair-quality meta-analysis of arthritis trials found rofecoxib associated with a higher 
risk of developing hypertension compared to either placebo (RR 2.63, 95% CI 1.42 to 4.65) or 
non-selective NSAIDs (RR 1.78, 95% CI 1.17 to 2.69). 21 

Results of large, longer-term trials appear to be consistent with an increased risk of 
hypertension with rofecoxib compared to either placebo or non-selective NSAIDs. In VIGOR 
(N=8,076) rofecoxib 50 mg daily was associated with a higher risk of developing hypertension 
compared to naproxen (RR 1.69, 95% CI 1.42-1.99) and a higher risk of discontinuation due to 
hypertension-related adverse events (RR 4.67, 95% CI 1.93 to 1 1.28). 114 In addition, 19 patients 
developed CHF-related adverse events during 4,047 patient-years of exposure, compared with 
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nine patients during 4,029 patient-years of exposure to naproxen (RR 2.1 1, 95% CI 0.96 to 4.67). 
In the long-term APPRO Ve polyp prevention trial, hypertension (RR 2.02, 95% CI 1.71 to 2.38), 
edema (RR 1 .57, 95% CI 1.17 to 2. 10), and heart failure or pulmonary edema (RR 4.61, 95% CI 
1.50 to 18.83) were all increased with rofecoxib 25 mg qD compared with placebo. 132 

In contrast to rofecoxib, several meta-analyses of celecoxib suggest no increased risk of 
hypertension or heart failure compared to non-selective NSAIDs. In fact, a recent fair-quality 
meta-analysis found celecoxib (dose not specified) not associated with an increased risk of 
hypertension compared to either placebo (RR 0.81, 95% CI 0.13 to 5.21) or non-selective 
NSAIDs (RR 0.82, 95% CI 0.68 to 1.00). 2! On the other hand, a Pfizer-funded meta-analysis 
submitted to the FDA found that, for celecoxib (any dose), the risk of developing hypertension 
was higher than placebo (1.1% vs. 0.7%o, p=0.023) but lower than the non-selective NSAIDs 
(1.5% vs. 2.0%, p=0.002). 135 Heart failure was more frequent in patients taking celecoxib than 
those taking placebo (13 of 8,405 versus one of 4,057, p=0.046), though not compared with non- 
selective NSAIDs (0.1%) vs. 0.2%, p=0.056). A third meta-analysis, funded in part by the 
manufacturer, reported similar findings for risk of hypertension (celecoxib vs. non-selective 
NSAID RR 1.1, 95% CI 0.90 to 1.3) and heart failure (celecoxib vs. non-selective NSAID RR 
0.70, 95% CI 0.43 to l.l). 62 Most of the trials included in the meta-analyses were short-term and 
only one meta-analysis 62 evaluated the quality of the trials. However, results from large trials of 
celecoxib are consistent with the meta-analyses. In CLASS (N=8,059), celecoxib was associated 
with a similar rate of hypertension (new-onset and aggravated pre-existing) compared with 
diclofenac (2.7% vs. 2.6%), but a significantly lower rate than ibuprofen (2.7% vs. 4.2%). 105 
CHF rates were similar in patients randomized to celecoxib versus either ibuprofen or diclofenac 
(0.3% vs. 0.3%)). In the shorter-term SUCCESS-I trial (N=l 3,274), rates of hypertension were 
similar with celecoxib 100 or 200 mg bid compared to either diclofenac or naproxen (RR 0.86, 
95%) CI 0.62 to 1.20). 21 The APC polyp prevention trial found celecoxib associated with 
significant systolic blood pressure elevations compared to placebo at 1 and 3 years at either 200 
mg twice daily (2.0 mm Hg at 1 year and 2.6 mm Hg at 3 years) and 400 mg twice daily (2.9 mm 
Hg at 1 year and 5.2 mm Hg at 3 years). 109 By contrast, the PreSAP polyp prevention trial found 
no difference in systolic blood pressure elevations between celecoxib 400 mg once daily and 
placebo. 109 The APC polyp prevention trial found no difference in rates of heart failure between 
patients randomized to celecoxib versus those randomized to placebo, though event rates were 
low (five cases of heart failure among 1,356 subjects). 108 

Direct evidence on comparative blood pressure effects of celecoxib compared to rofecoxib is 
more limited. A good-quality Cochrane review found no difference in rates of clinically 
significant increases in blood pressure or edema with rofecoxib versus celecoxib in three head- 
to-head trials of average-risk populations with osteoarthritis. 77 Another meta-analysis that used 
unpublished clinical trial reports also found no difference in risk of hypertension or aggravated 
hypertension in patients on celecoxib versus rofecoxib (RR 0.75, 95%> CI 0.52 to 1.1). On the 
other hand, in contrast to the Cochrane review, this meta-analysis found a lower rate of edema 
with celecoxib versus rofecoxib (5 trials, RR 0.72, 95% CI 0.62 to 0.83). A third meta-analysis 
found rofecoxib associated with a greater risk of developing a clinically important elevation in 
systolic blood pressure (RR 1.50, 95% CI 1.00 to 2.26), though the difference was not 
statistically significant. 21 

Three other short-term head-to-head trials of celecoxib and rofecoxib in higherrrisk 
populations (hypertensive, osteoarthritic patients) funded by the manufacturer of celecoxib 
should be interpreted cautiously because they evaluated doses (rofecoxib 25 mg daily and 
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celecoxib 200 mg daily) that may not provide equivalent pain relief * v 207 Two 6-week trials 
of elderly (>65 years) patients with osteoarthritis and on antihypertensive therapy (SUCCESS VI 
and SUCCESS VII) found that rates of increased systolic blood pressure (>20 mm Hg increase 
and absolute value >140 mm Hg) were higher in patients randomized to rofecoxib (n=399) 
compared to celecoxib (n=41 1): 14.9% vs. 6.9% (p<0.01) in one trial 85 and 17% vs. 1 1% 
(p-0.032) in the other. 84 However, in one of these trials (SUCCESS VI) 3 84 there was an 
important baseline difference in the proportion of patients who took an ACE inhibitor for 
hypertension (40% for celecoxib-treated patients versus 29% for rofecoxib-treated patients, 
p=0.002). This could suggest inadequate randomization, as successful randomization is unlikely 
to have resulted in such a marked baseline difference. In the third trial (CRESCENT), which 
enrolled patients with controlled hypertension, diabetes, and osteoarthritis, the proportion that 
developed ambulator}' hypertension (systolic blood pressure >135) was higher with rofecoxib 
than with celecoxib (30% vs. 16%, p=0.05). 207 In the CRESCENT and SUCCESS-VI trials, 
edema was more common in patients assigned to rofecoxib compared with those assigned to 
celecoxib (7.7% vs. 4.7%, p<0.0 5 207 and 9.5% vs. 4.9%, p=0.014 84 ). Three patients on rofecoxib 
and two on celecoxib developed heart failure in CRESCENT compared with four versus none in 
SUCCESS-VI; these differences were not significant. Discontinuations due to these adverse 
events did not differ. 

With regards to renal toxicity, there is little evidence to suggest that selective NSAIDs as a 
class are safer than non-selective NSAIDs. A systematic review of five small (sample size range 
15 to 67), short-term (28 days or less) trials found that selective NSAIDs had similar effects on 
glomerular filtration rate and creatinine clearance in three trials, and were modestly superior in 
two. 208 The clinical effects of the modest differences observed in the latter two trials are unclear. 
Another meta-analysis found that celecoxib at 200 to 400 mg was not associated with a greater 
risk of increase in creatinine greater than 1 .3 times the upper limit of normal compared to non- 
selective NSAIDs (RR 0.78, 95% CI 0.46 to 1 .3). 62 

There is also no clear evidence suggesting that celecoxib is associated with improved renal 
safety compared with rofecoxib. In the CLASS trial, there was one fewer episode of edema, 
hypertension, or increased creatinine for every 62 patients treated with celecoxib instead of 
ibuprofen 800 mg tid or diclofenac 75 bid. 60 The effects of celecoxib on renal function were 
also reviewed in a meta-analysis of primarily unpublished data (not including CLASS) that 
found the overall incidence of renal adverse events similar to that of non-selective NSAIDs. 209 
In VIGOR, the incidence of adverse events related to renal function (outcome not specifically 
defined) was similar for the rofecoxib and naproxen groups (1.2% versus 0.9%), with 0.2% 
discontinuing treatment in each arm because of these events. 19 A meta-analysis of 
manufacturer's data found rofecoxib associated with an overall incidence of elevations in serum 
creatinine similar to non-selective NSAIDs. 206 Discontinuations due to elevated serum creatinine 
were rare, and there were no cases of acute renal failure (not defined) associated with rofecoxib. 

The risks of hypertension and heart failure with rofecoxib and celecoxib have also been 
evaluated in several good-quality observational studies. A large case-control study found that 
rofecoxib users were at significantly increased risk for new-onset hypertension compared with 
patients taking celecoxib (OR 1.6, 95% CI 1.2 to 2. 1). 210 A retrospective cohort study found 
rofecoxib associated with an increased risk of admission for heart failure compared with 
NSAID-non-users (RR 1.8, 95% CI 1 .5 to 2.2), though celecoxib was not (RR 1 .0, 95% CI 0.8 
to 1.3). 163 Rofecoxib (HR 1.27, 95% CI 1.09 to 1.49) and non-selective NSAIDs (HR 1.26, 95% 
CI 1.00 to 1.57) were also associated with higher risks of death or recurrent CHF compared with 
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celecoxib in another study of high-risk patients following a heart-failure admission. 21 1 In two 
observational studies, use of non-selective NSAIDs was associated with heart-failure admissions 
(RR 1.4, 95% CI 1.0 to 1.9) 163 and newly diagnosed heart failure (adjusted RR 1.6, 95% CI 1.2 
to 2.1) 212 when compared with non-use. 

Hepatotoxicity. We identified one systematic review that evaluated rates of aminotransferase 
elevations, liver-related discontinuations, and other serious hepatic adverse events, including 
hospitalizations and deaths, in randomized controlled trials of rofecoxib, celecoxib, valdecoxib. 
meloxicam, diclofenac, naproxen, and ibuprofen in adults with osteoarthris or rheumatoid 
arthritis." 13 It identified 67 published articles and 65 studies accessible from the FDA archives. 
Diclofenac (3.55%, 95% CI 3.12% to 4.03%) and rofecoxib (1.80%, 95% CI 1.52% to 2.13%) 
had higher rates of aminotransferase elevations >3 times the upper limit of normal compared 
with placebo (0.29%; 95% CI 0.17% to 0.5 1%) and the other NSAIDs (all < or = 0.43%). 
However, only diclofenac was associated with a higher rate of liver-related discontinuations than 
placebo (2.17%, 95% CI 1.78% to 2.64%). Serious complications related to liver toxicity were 
extremely rare: only one liver-related hospitalization (among 37,671 patients) and death (among 
51,942 patients) occurred in a patient on naproxen in the VIGOR trial. There was also a 
statistically significant difference in elevated (three times above the upper limit of normal) 
transaminase levels between lumiracoxib (which is chemically related to diclofenac) and 
naproxen or ibuprofen (HR 3.97, 95% CI 2.96, 5.32) in the large TARGET (N=18,325) trial, 
though these elevations were reversible upon drug discontinuation. 17:5 

A recent systematic review of seven population-based epidemiological studies of 
hepatotoxicity with NSAIDs found a similarly low risk of serious hepatic toxicity. 214 In those 
studies, the excess risk of liver injury associated with current NSAIDs ranged from 4.8 to 
8.6/100,000 person-years of exposure compared with past use. There were zero deaths from 
liver injury associated with NSAIDs in over 396,392 patient-years of exposure. A recent cohort 
study from Italy found that nimesulide, an NSAID not available in the U.S., was associated with 
a higher incidence of serious liver injury compared with other NSAIDs. 2 lD None of the other 
NSAIDs, including celecoxib, were associated with an increased risk of serious liver injury. An 
earlier review of five population-based studies found sulindac associated with a 5-10 fold higher 
incidence of hepatic injury compared with other NSAIDs. 216 Diclofenac was associated with 
higher rates of aminotransferase elevations compared with users of other NSAIDs, but not with a 
higher incidence of serious liver disease. 

Tolerability: Comparison of NSAIDS 

Partially selective NSAIDs. Evidence is mixed regarding the relative tolerability of 
meloxicam (7.5 mg or 15 mg) compared to non-selective NSAIDs. The meta-analysis of 
meloxicam studies mentioned earlier found lower rates of any gastrointestinal event (OR 0.64; 
95% CI 0.59, 0.69) and withdrawals due to GI events (OR 0.59; 95% CI 0.52, 0.67) compared 
with NSAIDs, but as mentioned before it included some inadequately blinded studies, which are 
less reliable for assessing withdrawals and attributing the cause of adverse events. 181 The double- 
blind trial of meloxicam 7.5, 15, and 22.5 mg and diclofenac 75 mg bid mentioned earlier 217 
found no significant differences in rates of withdrawals due to adverse events or in incidence of 
overall and gastrointestinal tolerability. 

In the nabumetone meta-analysis, the incidence of GI adverse events was significantly lower 
on nabumetone compared to non-selective NSAIDs (25.3% vs. 28.2%, p= 007), corresponding to 
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about one fewer event for every 34 patients treated with nabumetone. 

Numerous randomized controlled trials reported microscopic bleeding or endoscopic 
outcomes with etodoloca. However, we identified no randomized trials or systematic reviews 
assessing the clinical tolerability of etodolac relative to non-selective NSAIDs. 

Nonselective NSAIDs. One Cochrane review evaluated the tolerability of different 
NSAIDs. 41 The only relatively consistent finding was that indomethacin was associated with 
higher rates of toxicity than other NSAIDs, but it was not clear if these differences were 
statistically significant. 

Aspirin and salsalate. Five randomized trials have evaluated the efficacy or safety of aspirin 
or salsalate compared with non-aspirin NSAIDs in patients with arthritis. 5 * All were short- 
term in duration (< 12 weeks) and involved a total of 471 patients; of the subjects enrolled, only 
four had osteoarthritis of the hip/knee for every 100 patients with rheumatoid arthritis. Aspirin 
was associated with higher incidence of overall adverse events than salsalate (70% vs. 40%, 
p<0.05) 56 and diclofenac (61% vs. 46%; p<0.05); 218 these led to higher rates of withdrawals due 
to adverse events for aspirin compared with diclofenac (23% vs. 6%; p<0.05). Salsalate was 
associated with a higher incidence of overall adverse events compared to other non-selective 
NSAIDs in two 220j of three trials, but the actual rates were not reported. 

The overall safety profile of salsalate has also been evaluated in the rheumatoid arthritis 
population using the Arthritis, Rheumatism, and Aging Medical Information System (ARAMIS) 
databases. These studies reported summary measures of drug toxicity based on tabulations of 
mean frequencies of overall adverse events per patient years, weighted by severity, and adjusted 
for differences in demographic factors. Numerically larger index scores indicate greater levels of 
toxicity. The summary index score takes into account symptoms from all body systems, 
laboratory abnormalities, and all-cause hospitalizations. ' " Symptoms were assessed every 
6 months using patient self-report in response to open-ended questions. Hospitalization and 
death data were ascertained from discharge summaries and death certificates. Descriptions of 
study methods varied, but in general the ARAMIS studies were somewhat vague with regard to 
patient selection and ascertainment methods; adverse events were not clearly defined or 
prespecified; exposure duration and length of follow-up were unclear; and adjustments were 
made only for demographic factors such as age and gender. Because the results of these studies 
are more subject to recall bias and had other methodological shortcomings, the findings that 
aspirin, salsalate, and ibuprofen were the least toxic among the NSAIDs studied (Table 22 
below) are less convincing than results of more recent observational studies (discussed earlier). 



Table 22. Toxicity Index Scores from ARAMIS database studies 



Study 


Aspirin 


Ibuprofen 


Salsalate 


Others (range) 


Fries 1991*" 


1.19 


1.94 


1.28 


2.17 (Naproxen) to 3.99 (Indomethacin) 


Fries 1993 224 


1.33 


1.89 


NR 


1.90 (Naproxen) to 2.86 (Tolmetin) 


Fries 1996 223 


1.77 


2.68 


2.00 


1 .63 (Sulindac) to 3.09 (Ketoprofen) 


Sinqh 1997 201 


2.25 


1.95 


1.79 


3.29 (Naproxen) to 5.14 (Meclofenamate) 



COX-2 vs. NSAID. Two manufacturer-funded meta-analyses ' and one good-quality 
Cochrane review 225 found celecoxib consistently associated with more favorable overall and GI 
tolerability profiles relative to some, but not all, non-selective NSAIDs in short-term RCTs of 
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patients with OA/RA (Table 23). Evidence of relative tolerability is less consistent for rofecoxib 
compared to partially-selective or non-selective NSAIDs in short-term RCTs of patients with 
OA/RA as reported in one manufacturer- funded meta-analysis, 226 two good-quality Cochrane 
reviews; 77, 78 and one other RCT that was not included in the systematic reviews. 7 

Effect size differences between the COX-2 manufacturer-funded analyses and the Cochrane 
reviews may have been due, in large part, to differences in methods of study selection and 
statistical analyses. The Cochrane Reviews primarily relied upon electronic database searches 
for identification of published RCTs evaluating narrow patient populations, and results from 
each trial were generally presented separately. 7 78 - 22:) Manufacturer-funded meta-analyses relied 
soley 62,226 or in part 61 on internal records to identify studies and presented only pooled estimates 
of broader populations including OA and RA patients. 



Table 23. Tolerability profile of COX-2's vs. NSAIDs in meta-analysis and systematic reviews 



Review 



AE incidence 



Withdrawals 



Overall 



Gl-related 



Celecoxib vs. NSAIDs for OA/RA 



Any AE 



Gl-related? 



Manufacturer-funded meta-analyses 
Deeks 2002 bl 



Moore 2005 



62 



0.96 (0.94, 0.98) 0.84 (0.81, 0.87) 



RR 0.86 (0.72, 1.04) RR 0.54 (0.42, 0.71) 
RR 0.86 (0.81, 0.91) RR 0.75 (0.7, 0.8) 



Celecoxib vs. individual NSAIDs for RA 

Gamer 2005a"* (Cochrane Collaboration Systematic Review) 



Celecoxib vs. Naproxen 



Celecoxib vs. Diclofenac 



No differences 
(RR Range: 1.02- 
1.36) 



No differences 

(RR Range: 0.26-0.61) 



0.75 (0.62, 0.90) 0.95 (0.85, 1 04 0.54 (0.36, 0.79) 



Ro fecoxib vs. NSAIDs for OA _ 

Watson 2000"* (Manufacturer-funded meta-analysis) 



0.36 (0.21, 0.60) 



6-month 



0.86 (0.78, 0.95) 



12-month 0.88 (0.80, 0.97) 

Gamer 2005c' (Cochrane Collaboration Systematic Review) 



0.68 (0.50, 0.92) 
0.70 (0.52, 0.94) 



Rofecoxib vs. Diclofenac 



No differences 


12.5 mg: 0.71 (0.52, 




(RR range: 0.98- 


0.97) 




1.01) 


25 mg: 0.70 (0.51, 






0.95) 




Rofecoxib vs. Ibuprofen 


NS (RR range: 


i risk in 2 of 3 RCTs 


No differences in 3 of 4 


0.98-1.04) 




RCTs 


Rofecoxib vs. Naproxen 


No differences 0.55 (0.42, 0.73) 


No differences 


i risk in 2 of 3 RCTs 


Rofecoxib vs. Nabumetone 


NR NR 


No differences 


No differences 


Rofecoxib vs. Naproxen in RA 


Gamer 2005b'° (Cochrane Collaboration Systematic Review) 




1.02 (0.92, 1.12) 


0.74 (0.64, 0.85) 



A manufacturer-funded meta-analysis found that tolerability of valdecoxib relative to 
NSAIDs appeared to be time-dependent. 227 Significant increases in overall adverse event 
incidence (RR 1.1; 95% CI 1.04, 1.2) and incidence of GI adverse events (RR 1 .4; 95% CI 1.2, 
1 .6) for valdecoxib relative to NSAIDs did not lead to increased risk of discontinuation in RCTs 
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of 6-12 weeks 1 duration. By 12-26 weeks, however, valdecoxib was associated with 
significantly lower rates of overall adverse events (RR 0.9; 95% CI 0.85, 0.93) and Gl-related 
adverse events (RR 0.7; 95% CI 0.7, 0.8) relative to non-selective NSAIDs, as well as lower 
rates of discontinuation due to any adverse event (RR 0.9; 95% CI 0.85, 0.93) and due to GI- 
related adverse events (RR 1.4; 95% CI 1.2, 1.6). 

Comparison behveen COX-2 inhibitors. Incidence of and withdrawals due to overall or GI- 
related adverse events were similar for celecoxib and rofecoxib across a manufacturer-funded 
meta-analysis 62 and a good-quality Cochrane review/ 7 The manufacturer- funded meta-analysis 
reported that rofecoxib and celecoxib were associated with similar risks of any adverse event 
(RR 0.97; 95% CI 0.84, 1.1), any Gl-related adverse event (RR 0.87, 95% CI 0.74, 1.03), and 
Gl-adverse event discontinuation (RR 0.7; 95% CI 0.5, 1.2) using data from five 6- to 12-week 
RCTs of patients with either OA or RA. 62 The Cochrane review of rofecoxib for osteoarthritis 77 
found no differences for either the total number of withdrawals (RR 0.93, 95% CI 0.76 to 1.14) 
or the number of withdrawals due to adverse events (RR 1.03, 95% CI 0.77 to 1.39) in five trials 
that compared celecoxib to rofecoxib. 

Acetaminophen. We identified four systematic reviews that evaluated the efficacy and safety 
of acetaminophen compared with NSAIDs (selective or non-selective) for osteoarthritis. 228 " 231 
The studies generally met all criteria for good-quality systematic reviews, except that three 229 " 231 
did not provide sufficient detail about trials that were excluded. The overall conclusion from the 
reviews was that NSAIDs are modestly superior to acetaminophen for general or rest pain (Table 
24). For pain on motion and overall assessment of clinical response, NSAIDs also appeared 
modestly superior, though the differences were not always statistically significant. 22 ' 30 . Only 
two reviews assessed functional disability; neither found clear differences. 229 230 



Table 24. Pain relief in systematic reviews of acetaminophen versus NSAID 



Systematic 
review 


Date of last 
search 


Number of 
head-to-head 
trials included 


Main results for outcome of general or rest pain 


Towheed, 
2005 229 


Through 8/02 


5 (1 trial 
evaluated a 
coxib) 


NSAIDs superior for rest pain (SMD 0.32, 95% CI 0.08 
to 0.56) and HAQ pain (SMD 0.27, 95% CI 0.05 to 0.48) 


Zhang, 2004^' 


Through 7/03 


8 (3 trials 
evaluated 
coxibs) 


NSAIDS superior using WOMAC scale (pooled ES 0.3, 
95% CI 0.17 to 0.44) and clinical response rate (RR 
1.24, 95% CI 1.08 to 1.41) 


Lee, 2004"° 


Through 2/03 


6 (1 trial 
evaluated a 
coxib) 


NSAIDs superior for rest pain (weighted mean difference 
-6.33, 95% CI -9.24 to -3.41) 


Wegman, 
2004 230 


Through 12/01 


3 (no trials 
evaluated 
coxibs) 


NSAIDs superior for general/rest pain (standardized 
mean difference 0.33, 95% CI 0.15 to 0.51) 



The risk of adverse events with acetaminophen versus NSAIDs was assessed in three 
systematic reviews (Table 25). 228, 229,231 In two reviews, there were no differences in withdrawal 
due to any adverse event. 229,231 However, acetaminophen was associated with fewer 
gastrointestinal side effects compared with non-selective NSAIDs (though not compared with 
coxibs) 229,231 and fewer withdrawals due to gastrointestinal adverse events. 229 
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Table 25. Adverse events in systematic reviews of acetaminophen versus NSAID 



Systematic review 


Withdrawal due to 
adverse events 


Gl adverse events 


Towheed, 2005^ y 


No difference (8% 
vs. 9%) 


Withdrawal due to Gl adverse event 

Naproxen or ibuprofen vs. acetaminophen: RR 2.15 (95% CI 1.05 to 
4.42) 

Any Gl adverse event 

Non-selective NSAID vs. acetaminophen: RR 2.24 (95% CI 1 23 to 
4.08) 

Coxib vs. acetaminophen: RR 0.96 (95% CI 0.57 to 1.61) 


Zhang, 2004' J1 


Not reported 


Gl discomfort 

Non-selective NSAID vs. acetaminophen: RR 1 .39 (95% CI 1 07 to 
1.80) 

Coxib vs. acetaminophen: RR 0.65 (95% CI 0.17 to 2.52) 


Lee, 2004"° 


NSAID vs. 

acetaminophen: OR 
1.45, 95% CI 0.93 to 
2.27) 


Not reported 



Results of recent, good-quality randomized trials (not included in any of the systematic 
reviews) were consistent with the systematic reviews. One two-week trial (N=222) found 
ibuprofen 1,200 mg/day more effective than paracetamol 3,000 mg/day for pain relief (p<0. 005) 
and functional disability using WOMAC scores (-20.8 versus - 13.4, p<0.001). 232 Two cross- 
over trials of identical design (N=524 and 556) found celecoxib modestly superior to 
acetaminophen for WOMAC scores (difference in WOMAC score improvements ranged from 
2.8 to 5.0 points on a 100-point scale), visual analogue pain scales (mean difference in scores 
ranged from 3.5 to 7.7 mm on a 100 mm scale), and patient preferences (53% and 50% favored 
celecoxib, versus 24% and 32% favored acetaminophen). 23j In all three trials, tolerability and 
safety were equivalent. 

Clinical trials of acetaminophen have not been large enough to assess serious but less 
common complications such as PUB, myocardial infarction, acute renal failure, or hypertension. 
However, observational studies provide some additional information about the safety of 
acetaminophen relative to NSAIDs. A good-quality nested case-control study of 1,197 cases and 
10,000 controls from a population-based cohort of 458,840 persons in the General Practice 
Research Database found current acetaminophen use associated with a lower risk for 
symptomatic peptic ulcer (adjusted RR 1.9, 95% CI 1.5 to 2.3) than NSAID use (adjusted RR 
4.0, 95% CI 3.2 to 5.1) when each was compared with non-use. 2j4 There was no clear 
relationship between higher acetaminophen dose and increased risk for symptomatic ulcers. An 
earlier analysis on the same database also found current acetaminophen use associated with a 
lower risk for upper gastrointestinal bleeds or perforations (adjusted RR 1.3, 95% CI 1. 1 to 1.5) 
than current NSAID use (adjusted OR 3.9, 95% CI 3.4 to 4.6), each compared with non-use. 184 
A retrospective cohort study of elderly patients found that patients using lower doses of 
acetaminophen (<2,600 mg/day) had lower rates of Gl events (defined as Gl-related 
hospitalizations, ulcers, and dyspepsia) compared with users of NSAIDs (RR 0.73, 95% CI 0.67 
to 0.80 for 1,95 1 to 2,600 mg/day), but the risks were similar at higher doses (RR 0.93 to 
0.98). 235 Although Gl hospitalization rates were not reported separately, the authors noted that 
dyspepsia was responsible for most of the increase in Gl events in the high-dose acetaminophen 
groups. A meta-analysis on individual patient data from three earlier retrospective case-control 
studies (2472 cases) was consistent with the above studies. 236 It found acetaminophen associated 
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with a minimal increase in the risk for serious upper gastrointestinal bleeding (OR 1 .2, 95% CI 
1 . 1 to 1 .5). By contrast, non-selective NSAIDs were associated with higher risks, though 
estimates of risk varied considerably for different NSAIDs (OR 1 .7 for ibuprofen to 34.9 for 
ketoprofen). 

No randomized trial has evaluated the association between acetaminophen use and 
myocardial infarction or other thromboembolic cardiovascular events. However, a recent 
analysis from the large, prospective Nurses 1 Health Study found heavy use of acetaminophen 
(more than 22 days/month) associated with an increased risk of cardiovascular events (RR 1.35, 
95% CI 1.14 to 1.59) similar to that with heavy use of NSAIDs (RR 1.44, 95% CI 1.27 to 
1 .65). 237 Dose- and frequency-dependent effects were both significant. 

The association between renal failure and acetaminophen use has been evaluated in several 
case-control studies. Interpretation of these studies, however, is difficult because many had 
important flaws (such as failure to identify patients early enough in the course of their disease to 
insure that the disease had not led to a change in the use of analgesics, failure to specify 
diagnostic criteria, failure to adjust for the use of other analgesics, incompleteness of data on 
exposure, and use of proxy respondents) in the collection or analysis of data. 238 The largest (926 
cases) case-control study was designed to try to avoid many of these flaws. 239 It found regular 
use of acetaminophen associated with an increased risk for chronic renal failure (Cr >3.8 for 
men and >3.2 for women) compared with non-use (OR 2.5, 95% CI 1.7 to 3.6). Use of NSAIDs 
was not associated with an increased risk (OR 1.0). A prospective cohort study of 1,697 women 
in the Nurses 5 Health Study found increased lifetime acetaminophen exposure associated with a 
higher risk of decline in glomerular filtration rate of 30% or greater (p<0.001), though NSAIDs 
were not (p=0.88). 240 The absolute risk of renal function decline, however, was modest, even in 
women reporting high amounts of lifetime acetaminophen use. Compared with women 
consuming less than 100 g of cumulative acetaminophen, the odds of a decline in GFR of at least 
30 mL/min per 1.73 m 2 for women consuming more than 3,000 g was 2.04 (95% CI, 1.28 to 
3.24). By contrast, analyses of men in the Physicians' Health Study found no association 
between acetaminophen or NSAIDs and change in kidney function. 241,242 

. The risk of heart failure associated with acetaminophen has not been well studied. In a single 
study using the General Practice Research Database, current use of acetaminophen was 
associated with a higher risk of newly diagnosed heart failure compared with non-use (RR 1 .33. 
95% CI 1.06 to 1.67), though the risk was lower compared with current use of NSAIDs (RR 
1.59, 95% CI 1.23 to2.05). 212 

The risk of hypertension has been evaluated using data from the Nurses' Health Studies 243 " 245 
and the Physicians' Health Study. 246 In the Nurses' Health Studies, acetaminophen and NSAIDs 
were associated with similar increases in risk of incident hypertension (Table 26). In the 
Physicians' Health Study, on the other hand, there was no association between NSAID or 
acetaminophen use and hypertension. 
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Table 26. Incidence of hypertension in the Nurses' Health Study and Physicians' Health Study according to 
use of acetaminophen or NSAIDs 



Study 


Acetaminophen use versus non-use: 
odds ratio 


NSAID use versus non-use: odds 
ratio 


Nurses' Health Study 1 
(women 51 to 77 years 
old) 243 


1.93 (1.30 to 2.88) 


1.78(1.21 to 2.61) 


Nurses' Health Study II 
(women 34 to 53 years 
old) 243 


1.99 (1.39 to 2.85) 


1.60 (1.10 to 2.32) 


Physicians' Health 
Study 246 


1.08 (95% CI 0.87 to 1.34) 


1.05 (95% CI 0.89 to 1.24) 



Although overdoses with acetaminophen can lead to potentially life-threatening 
hepatotoxicity, it is not clear if hepatotoxicity is associated with therapeutic doses in patients 
without underlying liver disease. 1 We identified no studies comparing the incidence of 
hepatotoxicity with therapeutic doses of acetaminophen and NSAIDs. We also identified no 
studies comparing the incidence of myocardial infarctions in persons using acetaminophen 
compared with NSAIDs. 

Glucosamine and Chondroitin 

Data regarding the comparative efficacy of glucosamine versus NSAIDs in patients with 
osteoarthritis are mixed. The most promising results have been observed in trials sponsored by 
Rotta Research Laboratories (based in Europe), which manufactures pharmaceutical grade 
glucosamine not available in the U.S. Because the content and purity of over-the-counter 
glucosamine preparations vary substantially, the results of the Rotta trials may not be directly 
applicable in the U.S. 247 

A recently updated (searches through November 2004), good-quality Cochrane review 
included four short-term (4 to 8 weeks) head-to-head trials of glucosamine versus an oral NSAID 
(ibuprofen or piroxicam). 248 Two of the trials were rated 5 out of 5 on the Jadad scale, and the 
other two were rated 3 or 4 out of 5. Rotta Research Laboratories sponsored three of the trials; 
the fourth 249 was also conducted in Europe, but funding information was not reported. One of 
the trials has only been published as an abstract, 250 and analyses were based on data from an 
unpublished manuscript. Two of the four trials found glucosamine superior to oral NSAIDs for 
efficacy, 249, 2M) and two found no difference. 251 252 In pooled analyses, glucosamine was superior 
to an oral NSAID for improving pain (three trials, standardized mean difference -0.40, 95% CI - 
0.60 to -0.19), but not for improving function using the Lequesne Index (two trials, SMD -0.36, 
95% CI -1 .07 to 0.35). Glucosamine was also associated with fewer adverse events (RR 0.29, 
95% CI 0.19 to 0.44) and withdrawals due to toxicity (RR 0.06, 95% CI 0.01 to 0.25). Two 
small (N=40 and N=45), 12-week Canadian trials, neither funded by Rotta Research 
Laboratories, have also recently been published. Neither found differences between glucosamine 
and ibuprofen for general osteoarthritis pain 253 or for tempomandibular joint osteoarthritis. 254 
Only limited details of the study design were reported for the first trial, though the second met all 
criteria for a good-quality study. 

Evidence regarding the efficacy of glucosamine compared with placebo has also been mixed. 
The Cochrane review found glucosamine no better than nlacebo when the analysis was restricted 
to the eight trials with adequate allocation concealment. By contrast, when all placebo- 
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controlled trials were included in the analysis, glucosamine was superior for both pain and 
function using the Lequesne index. The benefits of glucosamine also varied substantially 
depending on the preparation being studied. Specifically, glucosamine performed better in the 
seven trials evaluating the Rotta preparation (a prescription formulation available in Europe) 
(SMD -1.31, 95% CI -1 .99 to -0.64) compared with the eight trials using non-Rotta preparations 
(SMD -0.15, 95% CI -0.35 to 0.05). In fact, all of the five trials that found no benefit from 
glucosamine evaluated a non-Rotta brand of glucosamine and also had limited or no affiliation 
with a manufacturer of glucosamine. Older systematic reviews found glucosamine superior to 
placebo, but did not include several newer and higher quality trials that demonstrated no effect, 
and also noted important methodological flaws that could have exaggerated estimates of 
effect. 2:0 The Cochrane review 248 and one other recent, good-quality systematic review 257 
included two trials (one fair-quality and one good-quality) that found glucosamine (Rotta brand) 
superior to placebo for reducing progression of knee joint space narrowing over 3 years (SMD 
0.24, 95% CI 0.04 to 0.43 24S and RR 0.46, 95% CI 0.28 to 0.73 257 ). Other trials were too short in 
duration (mean 9 weeks) to assess joint space narrowing as an outcome. In all of the systematic 
reviews, rates of adverse events were no different between glucosamine and placebo. 

We identified no trials comparing chondroitin sulfate to oral NSAIDs. Three systematic 
reviews evaluated the efficacy and safety of chondroitin compared with placebo. The most 
recent, fair-quality systematic review found indistinguishable efficacy for glucosamine and 
chondroitin and combined the results of the trials. 236 When all trials were pooled, active 
treatment was associated with an increased likelihood of being a responder (RR 1 .59, 95% CI 
1.39 to 1 .83) compared with placebo. The results of the chondroitin trials were not reported 
separately. The chondroitin trials also received lower quality ratings than the glucosamine trials, 
but the effects of quality scores on the findings were not evaluated. Assessment of the effects of 
quality on assessments of estimates of benefit are important because an earlier, good-quality 
systematic review found pooled effect sizes for pain relief substantially lower for chondroitin 
trials with quality scores below the median (effect size 1 .7, 95% CI 0.7 to 2.7) compared with 
trials with quality scores above the median (ES 0.8, 95% CI 0.6 to 1 .0). 255 Smaller chondroitin 
trials also reported higher effects. The third systematic review was also rated fair quality 
because it did not evaluate the effects of study quality on results. 258 It found chondroitin superior 
to placebo for pain and function, but longer and larger studies were needed. All three systematic 
reviews found chondroitin tolerated as well as placebo, with only mild adverse events. 

Results of a large (N= 1,583), NIH-funded, randomized trial (Glucosamine/chondroitin 
Arthritis Intervention Trial) comparing placebo, celecoxib, glucosamine, chondroitin, and 
glucosamine plus chondroitin were recently published (Table 27). 2d9 Using pharmaceutical 
grade glucosamine hydrochloride (rather than the over-the-counter glucosamine sulfate 
commonly available in U.S. as supplements not regulated as pharmaceuticals by the FDA) and 
chondroitin under an investigational new drug application, the study randomized patients 
stratified according to baseline pain severity. It found no differences between glucosamine, 
chondroitin, or the combination relative to placebo among all patients for achieving a clinical 
response (>20% improvement in WOMAC Pain score after 24 weeks), though the combination 
was superior to placebo for achieving a clinical response in an analysis of a small (20% of 
enrollees) subgroup of patients with moderate to severe (WOMAC 301 to 400 mm) baseline pain 
(79% vs. 54.3%), p=0.002). There were no statistically significant differences between celecoxib 
and any of the other active treatment arms (glucosamine alone, chondroitin alone, or 
glucosamine plus chondroitin) or placebo and either glucosamine or chondroitin alone. The 
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authors postulated that lack of effect in the mild baseline pain group could have been due in part 
to floor effects. High placebo response rates were also observed. All of the interventions were 
well tolerated. 



Table 27. Response rates in the Glucosamine/chondroitin Arthritis Intervention Trial (GAIT) 

260 



Intervention 


All patients 


Moderate-severe 
baseline pain (WOMAC 
pain score 301-400 mm) 


Mild baseline pain 
(WOMAC pain score 125- 
300) 


Placebo 


60.1% 


54.3% 


61.7% 


Celecoxib 


70.1% (p=0.008 vs. 
placebo) 


69.4% (p=0.06 vs.placebo) 


70.3% (p=0.04 vs. 
placebo) j 


Glucosamine 


64.0% (p=0.30 vs. 
placebo) 


65.7% (p=0.17 vs. 
placebo) 


63.6% (p=0.67 vs. 
placebo) 


Chondroitin 


65.4% (p=0.17 vs. 
placebo) 


61.4% (p=0.39 vs. 
placebo) 


66.5%(p=0.27vs. 
placebo) 


Glucosamine + chondroitin 


66.6% (p=0.09 vs. 
placebo) 


79.2% (p=0.002 vs. 
placebo) 


62.9% (p=0.80 vs. 
placebo) 



Key Question 1b. How do these benefits and harms change with 
dosage and duration of treatment, and what is the evidence that 
alternative dosage strategies, such as intermittent dosing and 
drug holidays, affect the benefits and harms of oral medication 
use? 

Duration of exposure and dose may have an influence on the benefits and harms associated 
with selective and non-selective NSAIDs. though data are limited and somewhat inconsistent. 
For rofecoxib, the VIGOR trial found that an increased risk of cardiovascular events appeared to 
became apparent only after 8 months of treatment. 106 Similarly, initial reports of the APPROVe 
trial appeared to show a duration-dependent effect as the cardiovascular event rate curves for 
rofecoxib and placebo diveraged only after about 18 months. 132 However, a re-analysis that 
included originally censored events (occurring 14 days or more after discontinuation of study 
drug) suggests that the curves began to diverge after only 4 to 6 months, with no evidence of 
deviation from the proportional hazard over time. 133 The lack of an association with shorter 
duration of exposure in VIGOR could have been due in part to lack of power to detect 
differences due to small numbers of events. Supporting this hypothesis are two recent meta- 
analyses that found that risk of cardiovascular events with rofecoxib 124 or COX-2 inhibitors in 
general 129 did not vary according to duration of treatment. One of the meta-analyses also found 
that cardiovascular risk of rofecoxib did not vary according to dose. 124 However, the presence or 
absence of dose-dependent cardiovascular effects are difficult to analyze because 85% (84/98) of 
the events in patients allocated to rofecoxib in placebo-controlled trials occurred at a dose of 25 
mg/day. 129 

Observational data also suggests that increased cardiovascular risk with rofecoxib may occur 
at lower doses 145 and with shorter-term exposure. 152 261 Odds of acute MI were greater overall 
for rofecoxib relative to celecoxib in a case-control study of low-income Medicare beneficiaries 
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(mean age 79 years) exposed to treatment for < 90 days. The risk estimate for those taking 
rofecoxib > 25 mg (OR 1.70; 95% CI 1.07, 2.71) was greater than for those taking < 25 mg (OR 
1.21; 95% CI 1.0 1 5 1.44), however. 14 ' Risk of CV events was similar for rofecoxib and 
meloxicam. regardless of duration, in a cohort study in which data was ascertained from an 
England National Health Services database using a Prescription Event Monitoring system. 262 [n 
a case-control study of elderly patients in Quebec, the risk of acute myocardial infarction was 
highest following the first prescription of rofecoxib (adjusted RR 1.64, 95% CI 1.20 to 2.23 
compared to non-use) and returned to baseline by the 8 th prescription. 261 

Some studies also suggest that duration of exposure and dose could influence the 
cardiovascular safety of celecoxib. Celecoxib was not associated with excess cardiovascular risk 
when compared with diclofenac or ibuprofen in the CLASS trials 60 or in meta-analyses 1Cb? ,3:> of 
mostly short-term trials of patients with arthritis. The long-term (33 months) APC polyp 
prevention trial was the first trial to clearly show an increased risk of cardiovascular events 
relative to placebo with celecoxib. 108 However, even though it's possible that the lack of an 
association in CLASS and earlier meta-analyses could be due in part to less risk with shorter 
duration of exposure, an alternative explanation is lack of power due to small numbers of events. 
Regarding dose-dependent effects, one recent meta-analysis 129 of 41 placebo-controlled trials 
found higher doses associated with greater cardiovascular risks relative to placebo (p=0.03), 
though most of the events at the highest dose (800 mg/day) came from two long-term polyp 
prevention trials. 108,263 

Analysis of the CLASS data also suggests that celecoxib was more effective at reducing GI 
events at 6 months compared with longer duration of exposure. 60 In fact, effects on pre-defined, 
serious GI complications were no longer present after 12 months, though interpretation of final 
results is problematic because of high withdrawal rates. 97 By contrast, in VIGOR, the GI benefit 
of rofecoxib compared to naproxen was seen early and sustained over the duration of the trial 
(median 9 months). 19 

One good-quality systematic review of eight trials found that higher doses of non-selective 
and partially selective NSAIDs were generally associated with greater efficacy for some 
measures of pain relief when directly compared to lower doses. 64 Higher doses were also 
associated with greater withdrawals due to adverse events in two of four trials. In observational 
studies, the risk for GI bleeding with non-selective NSAIDs also appears to increase with higher 
doses. 1 1! 191, 236 By contrast, the risk of bleeding associated with acetaminophen was not 
associated with dose in one meta-analysis of three case-control studies, 236 though there was a 
modest dose response in another case-control study of elderly patients. 235 At low over-the- 
counter doses, the risk of GI hospitalizations associated with aspirin, acetaminophen, and 
ibuprofen were similar to background rates in patients with rheumatoid arthritis or osteoarthritis 
in the ARAMIS database. 265 A systematic review of observational studies found that use of 
aspirin and non-aspirin NSAIDs at over-the-counter doses is associated with an increased risk of 
GI bleeding, though the risk is lower than observed at prescription doses (approximately twofold 
greater risk at over-the-counter doses and sixfold or higher increases at heavy prescription 
levels. 1 1 One recent analysis of the Nurses' Health Study found that the risk of cardiovascular 
events was dose-related for both NSAIDs and acetaminophen. 237 

We found no studies evaluating the effects of alternative drug strategies such as intermittent 
dosing or drug holidays on risks and benefits of oral medication use. Although one difference 
between the APC trial (which found an increased risk of CV events with celecoxib) and the 
PreSAP trial (which reported no association) was twice-daily (APC) versus once-daily (PreSAP) 
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dosing, no study has directly compared such dosing strategies. Furthermore, other studies of 
twice-daily dosing with celecoxib (such as CLASS 60 and ADAPT 111 ) reported no increase in CV 
risk. 

Key Question 2. Do the comparative benefits and harms of oral 
treatments for osteoarthritis vary for certain demographic and 
clinical subgroups? 

Demographic Subgroups Include Age, Sex, and Race 

In general, the risk of cardiovascular, cardiorenal, and gastrointestinal adverse events 
associated with NSAIDs increase with age. 13 In one UK population, for example, the risk of 
adverse gastrointestinal outcomes in patients taking selective or non-selective NSAIDs was 1.36 
per 1,000 patient-years for all patients 25 years or older, but 4.03 per 1,000 patient-years in 
patients aged 65 or more. 138 Similarly, the risk of myocardial infarction was 1.71 per 100 
person-years for all patients 25 years or older, but 4.57 per 100 person-years for those 65 or 
older. 146 We found no trial designed to assess whether the relative harms and benefits associated 
with different NSAIDs for osteoarthritis varies according to age. However, even if the relative 
benefits and harms associated with different drugs are consistent across age groups, the absolute 
effects would increase with age because of greater baseline CV and GI risk. 

Studies that evaluated the efficacy and safety of selective and non-selective NSAIDs in 
average-risk elderly patients have generally reported similar findings compared with studies in 
populations with younger adults. An individual patient data meta-analysis of three celecoxib 
trials, for example, found effects of celecoxib 200 mg/day or 400 mg/day and naproxen 1,000 
mg/day similar in elderly patients when evaluating WOMAC and SF-36 scores. 266 For the SF- 
36, there were no statistically significant differences: naproxen scored better than celecoxib 200 
mg on four of 10 components of the SF-36, while celecoxib 200 mg scored better on six, 
including general health. Celecoxib 200 mg was significantly better than placebo on nine of the 
10 components, while naproxen was significantly better than placebo on seven. The study also 
confirmed that the overall incidence of GI adverse events was lower with celecoxib; the 
difference was about one event in 20 patients for celecoxib 200 mg and one in 10 for celecoxib 
400 mg. Similarly, a meta-analysis of three rofecoxib trials reported similarly consistent efficacy 
for rofecoxib 12.5 mg or 25 mg daily compared to placebo among various subgroups defined by 
age, gender, race, location of osteoarthritis, baseline symptoms, and baseline functional status. 267 
Another meta-analysis found that trials of NSAIDs in patients over the age of 60 reported similar 
risks for GI complications compared to trials of patients under the age of 60. 183 

Data suggesting differential effects of oral medications for osteoarthritis according to gender, 
ethnicity, or race are scant. In most of the published trials, a majority of subjects were women. 
As noted in the discussion of acetaminophen, results from the Nurses' Health Studies suggest 
that acetaminophen is associated with modest reductions in renal function in women, 243 but 
results from the Physicians' Health Study have found no association between acetaminophen use 
and renal dysfunction in men. 246 The effects of different NSAIDs in specific ethnic minorities 
have only been evaluated in small studies. In a randomized crossover study of 25 black and 
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Hispanic patients on ACE inhibitors, peak increases in blood pressure were similar in patients on 
diclofenac compared with celecoxib. 268 An observational study of 120 Native American patients 
seen in an Indian Health Service clinic in Phoenix who were switched to rofecoxib found that 
mean systolic blood pressure increased by 2.9 mm Hg overall (p=0.015) and by 4.8 mm Hg 
(p=0.009) in hypertensive patients. 269 We did not find any other publications focusing on the 
differential efficacy or safety of coxibs in African-Americans, Hispanics, or other ethnic 
minorities. 

Co-Existing Diseases Include History of Previous Bleeding Ulcer Due to 
NSAIDs; Hypertension, Edema, Ischemic Heart Disease, and Heart Failure. 

Rates of recurrent ulcer bleeding were similar for celecoxib 200 mg and the combinations of 
extended-release diclofenac 75 mg BID plus omeprazole 20 mg QD 270 or naproxen 250 mg TID 
plus lansoprazole 30 mg QD 271 in two fair-quality, 24-week, parallel trials involving a total of 
529 patients who presented with a bleeding ulcer (Table 28). There were also no differences 
between celecoxib and either combination therapy in other adverse events including GI, renal, 
and cardiovascular symptoms or in rates of withdrawals due to adverse events. One exception 
was that celecoxib 200 mg QD was associated with a higher rate of dyspepsia than naproxen 250 
mg TID plus lansoprazole 30 mg QD. 271 The high rates of recurrent bleeding in both the 
celecoxib-treated patients and in the combination therapy groups — over 10 times as high as the 
rate in the CLASS trial — suggest that NSAIDs and coxibs should be used with caution, if at all, 
in patients who have a recent history of a bleeding ulcer. 



Table 28. Celecoxib in patients with bleeding ulcer history 



Study 

Sample Size 



77TT 



Treatments 



Recurrent ulcer 
bleeding at 6 months 
(difference; 95% CI) 



Other adverse 
events 



Withdrawals due to 
adverse events 



Chan 2002 
n=287 



Lai 2005* 
n=242 



271" 



Celecoxib 200 mg BID 
Diclofenac 75 mg BID plus 
omeprazole 20 m g QD 



Celecoxib 200 mg QD 
Naproxen 250 mg TID plus 
lansoprazole 30 mg QD 



4.9% vs. 6.3% 
(-1.5%, CI -6.8, 3.8%; 
NS) 

3.7% vs. 6.3% (-2.6; 
CI -9.1, 3.7; NS) 



No differences 



No differences for 
all but dyspepsia: 
15% vs. 5.7%, 



13.3% vs. 11.9%, 
NS* 



10% vs. 7.4%, NS 



p=0.02 



* Includes withdrawals due to lack of efficacy 
**Open trial 



We found no randomized controlled trial evaluating the risk of bleeding with rofecoxib 
compared with celecoxib in high-risk patients. A Danish population-based case-control study of 
high-risk patients with previous gastrointestinal diseases found that rofecoxib (OR 2.1, 95% CI 
1 .2 to 3.5) and non-selective NSAIDs (OR 3.3, 95% CI 2.4 to 4.4), but not celecoxib (OR 1 .3, 
95% CI 0.7 to 2.8), 272 were associated with higher risks of upper gastrointestinal bleeding. 

We found no randomized trials designed to assess whether the relative harms and benefits 
associated with different oral treatments for osteoarthritis vary according to underlying 
cardiovascular or renal risk. One recent analysis of three large polyp prevention trials of 
celecoxib or rofecoxib 109 132 and one observational study of rofecoxib 273 found consistent risks 
for cardiovascular events among users at low and high baseline cardiovascular risk. However, 
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even if the relative risk of cardiovascular harms is consistent across risk groups, the absolute 
effects with any specific drug would be greater in patients at higher baseline risk. This is 
strikingly illustrated by a recent good-quality population-based study of a very high risk group 
of 58,000 Danish patients with previous myocardial infarction that found hazard ratios for death 
of 2.80 (95% CI 2.41 to 3.25) for rofecoxib, 2.57 (95% CI 2.15 to 3.08) for celecoxib, 1.50 (95% 
CI 1 .36 to 1 .67) for ibuprofen, 2.40 (95% CI 2.09 to 2.80) for diclofenac, and 1 .29 (95% CI 1 . 1 6 
to 1 .43) for other NSAIDs compared to non-use of NSAIDs. 274 Because of high rates of death in 
this population (95 per 1000 person-years in those not using NSAIDs), the estimated number of 
patients needed to treat with an NSAID for one year to cause one additional death was very low, 
at 13 (95% CI 10-20) for rofecoxib. 14 (95% CI 10-24) for celecoxib. 45 (95% CI 29-102) for 
ibuprofen, and 24 (95% CI 16-45) for diclofenac. 

Only a few trials have evaluated the effects of different medications on cardiovascular and 
cardiorenal events specifically in high-risk patients. Three randomized trials sponsored by the 
manufacturer of celecoxib found higher rates of hypertension or blood pressure increases in 
patients randomized to rofecoxib compared with patients randomized to celecoxib, but no 
differences in discontinuations due to adverse events or for episodes of heart failure. 84,81 207 As 
noted earlier, the results of these trials must be interpreted cautiously because they evaluated 
possibly non-equivalent doses of rofecoxib and celecoxib, and because one of the trials 84 had 
important baseline differences suggesting inadequate randomization. 

A meta-analysis funded by the manufacturer of rofecoxib found that in a high-risk subgroup 
of patients in whom aspirin was indicated (history of cardiovascular disease), rofecoxib was not 
associated with an increased risk of myocardial infarction compared with either placebo or non- 
selective NSAIDs. 123 However, the duration of the included trials may have been too short 
(median 3Vi months) to detect an increased risk, few events were observed, and only a minority 
of patients received the high dose of rofecoxib evaluated in the VIGOR trial. 

We found no trials evaluating comparative risks of different oral medications in patients with 
known congestive heart failure. A recent, good-quality population based retrospective cohort 
study, however, found that the risk of death and recurrent congestive heart failure was hiRher in 
patients prescribed NSAIDs (HR 1.26, 95% CI 1.00 to 1.57) or rofecoxib (HR 1.27, 95%CI 1.09 
to 1.49), each compared with those prescribed celecoxib. 211 We also found no trials comparing 
the risks and benefits of different oral medications in patients with known renal failure. 

Concomitant Anticoagulant or Aspirin Use 

Concomitant anticoagulants. Concomitant use of anticoagulants and non-selective NSAIDs 
increases the risk of GI bleeding three- to six-fold compared to anticoagulants alone. 275, 276 
Several observational studies have evaluated whether COX-2 selective agents are associated with 
a lower risk for bleeding compared with non-selective agents in patients on anticoagulation. 

A good-quality nested case-control study of elderly (>66 years old) patients on warfarin in 
Ontario, Canada, evaluated the association between hospitalization for upper gastrointestinal 
bleeding (361 cases) and use of selective or non-selective NSAIDs. 277 It found that after 
adjustment for potential confounders (antiplatelet agents, hypoglycemic agents, glucocorticoids, 
gastroprotective agents, history of previous bleed, and comorbidities), recent use of non-selective 
NSAIDs (OR 1.9, 95% CI 1.4 to 3.7), celecoxib (1.7, 95% CI 1.2 to 3.6), and rofecoxib (2 4 
95% CI 1.7 to 3.6) were all associated with increased and overlapping risks for upper 
gastrointestinal bleeding, compared with non-use. Because this study relied on pharmaceutical 
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databases to identify exposures prior to hospitalization, it could not assess the confounding 
effects of over-the-counter use of aspirin, other NSAIDs, or acid suppressive medications. It 
also was unable to control for variations in INR level and the risk for bleeding. 

A smaller, fair-quality nested case-control study of patients in the Netherlands evaluated the 
risk of bleeding in anticoagulated patients receiving partially selective (meloxicam or 
nabumetone) COX-2 inhibitors or non-selective NSAIDs. 278 No case (N=154) received either 
celecoxib or rofecoxib. This study also differed from the Ontario study in that it included all 
cases of minor visible bleeding, hematoma, or black tarry stools. It used a questionnaire to 
assess exposure status and comorbidities. Patients were interviewed over the phone if answers 
were incomplete or unclear. The response rates were significantly higher in the cases 
(approximately 70%) compared with controls (approximately 31%). The study found that non- 
selective NSAIDs were associated with an increased risk of bleeding compared with partially 
selective NSAIDs after adjustment for duration of use and INR level (OR 3.07, 95% CI 1. 18 to 
8.03). 

An open, crossover trial compared celecoxib 200 mg and rofecoxib 25 mg in 18 patients with 
OA, RA, or chronic pain who were stable (three consecutive INRs within 15% of each other) on 
warfarin therapy. 279 The trial was designed to measure mean change in INR and safety 
parameters. Similar rates of edema, heart failure and other adverse events were found for 
celecoxib and rofecoxib. The INR increased by 5% to 15% between weeks one and three for 
both coxibs. Four minor bleeds were reported; none were associated with a significant decrease 
in hemoglobin concentration. 

Postmarketing case reports of serious bleeding events, some fatal, have also been reported 
with concomitant anticoagulation and both rofecoxib and celecoxib. Most of these events 
occurred in elderly patients. 135,280 

We found no studies evaluating risks and benefits of concomitant anticoagulants and aspirin 
in patients with arthritis. Combination therapy has been studied in patients with indications for 
thromboembolic prophylaxis. However, the results of those studies are not directly applicable to 
patients with arthritis because of important differences in the populations (particularly with 
regard to cardiovascular risk), and because aspirin was used in lower, prophylactic doses (rather 
than anti-inflammatory and analgesic doses). One fair-quality meta-analysis (did not evaluate 
quality of included trials) found major bleeding risk increased with warfarin plus aspirin versus 
warfarin alone (at the same intensity) in patients with mechanical heart valves (3 trials, RR 1 .58, 
95% CI 1.02 to 2.44). 281 In patients with recent myocardial infarction or atrial fibrillation (one 
trial each), the increase in risk was not statistically significant (RR 3.07, 95% CI 0.33 to 28.38 
and RR 2. 13, 95% CI 0.20 to 23.03, respectively). In patients with mechanical heart valves, the 
increase in bleeding risk was offset by a reduction in thromboembolic events (RR 0.33, 95% CI 
0.19 to 0.58), and there was no difference in all-cause mortality (RR 0.78, 95% CI 0.29 to 1.83). 
Other evidence on the risks and benefits of combination therapy has focused on comparing 
warfarin plus aspirin to aspirin alone. A recent good-quality meta-analysis of 10 trials, for 
example, found that the combination of warfarin plus aspirin increased the risk of major bleeding 
compared with aspirin alone following myocardial infarction or the acute coronary syndrome 
(RR 2.5, 95% CI 1.7 to 3.7). 282 However, the increase in bleeding risk was offset by lower risks 
for myocardial infarction, ischemic stroke, and revascularization. Mortality did not differ. 

No study evaluated risk of bleeding in anticoagulated patients on acetaminophen compared 
with those on NSAIDs. A small, randomized controlled trial found acetaminophen associated 
with greater increases in INR levels compared with placebo. 283 Several observational studies 
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have also found an association between excess anticoagulation and use of acetaminophen. 284,285 
However, changes in INR are not the only important factor for predicting increased risk of 
bleeding. NSAIDs, for example, also affect platelet function and disrupt the gastric mucosal 
lining. Studies evaluating actual bleeding complications are necessary to better assess the 
comparative risks from acetaminophen and other NSAIDs. 

No studies evaluated risk of bleeding in anticoagulated patients on glucosamine, chondroitin, 
or topical agents. 

Concomitant aspirin. Beneficial effects of COX-2 selective inhibition on GI complication 
rates may be attenuated or eliminated by the concomitant use of aspirin. In the 20 per cent of 
patients in the CLASS trial who took aspirin in addition to their study drug, there was no 
difference in ulcer complications or ulcer complications plus symptomatic ulcers in patients 
randomized to celecoxib versus those randomized to diclofenac, ibuprofen, or the two NSAID 
comparators combined. 96 Similarly, a meta-analysis of randomized controlled trials found that 
beneficial effects of celecoxib on risk of endoscopically detected ulcers were reduced in patients 
on prophylactic aspirin (RR 0.49, 95% CI 0.28 to 0.86) compared with those not on aspirin (RR 
0.27, 95% CI 0.16 to 0.48). 61 This analysis excluded the results of the CLASS trials because 
they did not evaluate endoscopic ulcers as an outcome and because of high, differential 
withdrawal rates. A re-analysis that included the full CLASS trials results found no benefit 
(rather than a reduced benefit) from celecoxib in patients on aspirin (RR 0.96, 95% CI 0.63 to 
1.46), 286 but the appropriateness of combining data from trials reporting endoscopic ulcers with 
data from the CLASS trials on withdrawal rates, symptomatic ulcers, and ulcer complications, is 
disputed. 287 Another meta-analysis found that use of aspirin increased the rate of endoscopic 
ulcers by about 6% in patients randomized to celecoxib (4.2% without aspirin and 9.9% with 
aspirin) and in those randomized to a non-selective NSAID (17.6% and 23. 8%). 62 In the 
TARGET trial, no reduction in ulcer complications with lumiracoxib compared to non-selective 
NSAIDs was observed in the subgroup of patients on aspirin (HR 0.79, 95% CI 0.40, 1.55). 175 
There is less evidence on the effects of aspirin on the GI risk associated with rofecoxib. A 
recent trial that randomized osteoarthritis patients to placebo, enteric-coated aspirin (8 1 mg/day), 
rofecoxib 25 mg/day + aspirin 81 mg/day, or ibuprofen 2,400 mg/day found similar rates of 
endoscopic ulcers in the rofecoxib + aspirin arm (16.1%) and the ibuprofen alone arm (17.1%); 
both rates were significantly higher than the placebo (5.8%) and aspirin alone (7.3%) arms. 288 A 
meta-analysis of aspirin users in two trials comparing celecoxib 200 mg daily and rofecoxib 25 
mg daily found celecoxib associated with a lower rate of withdrawals due to GI adverse events 
than rofecoxib (0.7% vs. 3.9%, p<0.05), as well as with GI symptoms. 289 However, there were 
no reported serious GI events. Interpretation of these results is limited by nonequivalent dosing 
of the COX-2 inhibitors, pooling of data across trials, and post-hoc subgroup analyses of the 
aspirin-users data. 

Concomitant aspirin use has not been shown to eliminate or reduce excess cardiovascular 
risks associated with COX-2 inhibitors. In large polyp prevention trials of rofecoxib 132 and 
celecoxib, 109 use or non-use of low-dose aspirin did not affect the observed increased risk of 
thrombotic events. 132 A recent meta-analysis of 84 placebo-controlled trials that permitted 
aspirin (including the polyp prevention trials) found a very similar risk of vascular events among 
those using aspirin (RR 1.57, 95% CI 0.90 to 2.72) and aspirin non-users (RR 1.51, 95% CI 1.14 
to 2.01), though the absolute rate of events was higher in aspirin users (1.9%/year versus 
1.1%/year). 129 Consistent with these findings, two large observational studies using the UK 
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GPRD 185 and QRESEARCH 146 databases found no significant interaction between concurrent 
NSAID and aspirin use and the risk of myocardial infarction. One observational study found that 
in patients with known cardiovascular disease, there was a higher rate of overall mortality 
(adjusted hazard ratio 1 .93, 95% CI 1 .30 to 2.87) and cardiovascular death among users of 
ibuprofen plus aspirin compared with users of aspirin alone, suggesting that ibuprofen (or other 
NSAIDs) could interfere with the cardioprotective effects of aspirin. 29 However, this study only 
evaluated small numbers of patients on NSAIDs, and did not adjust for important comorbidities. 

Key Question 3. What are the comparative effects of co- 
prescribing of H2-antagonists, misoprostol, or proton pump 
inhibitors (PPIs) on the gastrointestinal harms associated with 
NSAID use? 

Misoprostol, standard- and double-dose H2 blockers and PPIs were all effective in reducing 
the risk of NSAID-associated endoscopic gastric and duodenal ulcers relative to placebo in three 
good-quality systematic reviews (Table 29) 29! " 293 of numerous randomized controlled trials of 
OA/RA patients. 9 69 ' 29U94 " 32! H2 blockers, 320 ' 330 misoprostol (RR0.36, 95% CI 0.20 to 0.67), 
and PPIs (RR 0.09, 95% CI 0.02 to 0.47) also reduced NSAID-associated symptomatic ulcers, 
but not serious cardiovascular or renal illness or death. 293 

Misoprostol has been studied most extensively and is the only agent proven to decrease risk 
of ulcer complications (MUCOSA). 31 1 In a large, good-quality trial, misoprostol was associated 
with a rate of definite ulcer complications of 25/4404 (0.6%) compared to 44/4439 (0.9%) with 
placebo (p=0.049). 317 However, misoprostol is also the only agent to be associated with a 
significant risk of treatment withdrawal due to nausea (RR=1.30. 95% CI 1.08 to 1.55), diarrhea 
(RR=2.40, 95% CI: 2.05 to 2.81), and abdominal pain (RR=1.36, 95% GI 1.20 to 1.55. 



Table 29. Placebo-controlled trials of qastroprotective agents' 







Prevention of 






# PCT studies 


endoscopic ulcers 


Prevention of clinical GI 


Treatment 


Duration 


Gastric 


Duodenal 


events* 


Misoprostol 


1-1.5 months: 


1-1.5 months: 


1-1.5 months: RR=0.28; 


Silverstein 1995 (MUCOSA): 


8 


RR=0.17, 95% CI: 


95% CI 0.09-0.31 


OR 0.598; 95% CI 0.364 to 






0.09 to 0.31 




0.982 




> 3 months: 11 




3 months: RR=0.47, 95% 








3 months: 


CI 0.33 to 0.69 








RR=0.26; 95% CI 










0.17 to 0.39 






H2 blockers 


Standard 


Standard dose: 


Standard dose at 1 and 


None 




doses (150 


insignificant effect 


3 months: RR=0.24, 






mg): 7 


Double dose: 


95% CI: 0.10 to 0.57 and 






Double doses 


RR=0.44, 95% CI: 


RR=0.36, 95% CI: 0.18 






(300 mg): 3 


0.026 to 0.74 


to 0.74 






1-3 months 




Double dose: 0.26, 95% 










CI 0.11 to 0.65 




PPIs 


4 


RR=0.40, 95% CI 


RR0.19, 95% CI 0.09 to 


None 




Duration NR 


0.32 to 0.51 


0.37 





"Upper GI hemorrhage, perforation, pyloric obstruction, death) 
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Table 30 reflects the results from five trials 306 ' 309 ' 314,319 ' 321 that directly compare one 
gastroprotective agent with another, as reported in the Canadian Coordinating Office for Health 
Technology Assessment review. 292 Both misoprostol and omeprazole were superior to ranitidine 
for the prevention of gastric ulcers. Omeprazole and lansoprazole also appeared superior to 
misoprostol and ranitidine for the prevention of duodenal ulcers. 



Table 30. Head-to-head trials of gastroprotective agents' 





Reductions in ulcer risk 




Comparison 


Gastric 


Duodenal 


Misoprostol vs. ranitidine* 
(2 trials; n=600) 


RR=0.12 

95% CI 0.03 to 0.89 


No differences 


Omeprazole 20 mg vs. ranitidine 
150 mg (1 trial, n=425) 


RR=0.32 

95% CI 0.17 to 0.62 


RR=0.11 

95% CI 0.01 to 0.89 


PPI** vs. misoprostol*** 


No differences 


RR=0.29 

95% CI 0.15 to 0.56 



standard dose 

♦omeprazole or lansoprazole 



secondary prophylaxis trials 



A good-quality meta-analysis of 26 trials found co-administration of a PPI with a non- 
selective NSAID associated with a greater reduction in dyspepsia, epigrastric pain and nausea 
than a selective COX-2 inhibitor alone, when each was compared to a non-selective NSAID 
alone (relative risk reduction 66% and absolute risk reduction 9% for the PPI + non-selective 
NSAID versus RRR 12% and ARR 3.7% with COX-2 inhibitor). 331 



Key Question 4. What are the comparative benefits and harms of 
treating osteoarthritis with oral medications as compared with 
topical preparations? 

Topical NSAIDs - Efficacy 

Four trials directly compared topical and oral NSAIDs for osteoarthritis. Two recent good- 
quality systematic reviews 3 2 ' 333 included three 334 " 336 of these trials (an older systematic review 
was excluded because its results appear outdated. 337 ). One systematic review (by Lin et al 332 ) 
only included osteoarthritis trials, while the other systematic review (by Mason et al 333 ) included 
osteoarthritis and other chronic pain conditions. The systematic reviews also used different 
methods for abstracting and pooling efficacy data. Specifically, the primary outcome in Mason 
et al was a dichotomous outcome: the proportion of patients with clinical success (defined as 
approximately a 50% reduction in pain) at the end of the trial. By contrast, the primary outcome 
used by Lin et al was continuous: the difference in standardized effect sizes for the outcomes of 
pain, function, or stiffness measured at the end of each week of treatment. Two 335,336 of the 
trials received 5 out of 5 points on the Jadad quality scale; the third 334 received a score of 3. 333 
Mason et al found topical and oral NSAIDs equivalent for clinical success after 3 to 4 weeks 
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(pooled relative risk 1.1; 95% CI 0.9 to 1.3). 333 Although Lin et al found topical NSAIDs 
inferior to oral NSAIDs for pain and function after one week of treatment, this finding was based 
on data from only one RCT (effect size -0.38 for pain, 95% CI -0.66 to -0.10 and ES -0.32 for 
function, 95% CI -0.60 to -0.04). 332 There were no significant differences between topical and 
oral NSAIDs after 2 (one RCT), 3 (two RCTs) or 4 (one RCT) weeks. Effect sizes could not be 
calculated for one of the three RCTs. 334 

The largest and longest trial (by Tugwell et al) comparing topical and oral NSAIDs was 
published in 2004 — too late to be included in the systematic reviews. 338 This good-quality study 
found the proportion of responders (as defined by Outcomes Measures in Arthritis Clinical Trials 
and the Osteoarthritis Research Society VI recommendations) at 12 weeks similar in patients 
randomized to topical or oral diclofenac (66% vs. 70%, p=0.37). There were also no clinically 
relevant differences for the outcomes of mean change in pain scores, physical function, or patient 
global assessment. The topical diclofenac evaluated in this trial was a proprietary formulation 
with DMSO (a drug not approved for topical use in humans by the FDA) not available in the 
U.S. 

We pooled rates of clinical response from the four trials (including Tugwell et al) comparing 
topical and oral NSAIDs, using intention-to-treat (missing values=failure) results and methods 
similar to the Mason meta-analysis. We found no differences between topical and oral NSAIDs 
(OR=0.95, 95% CI 0.70-1.30). It should be noted that the Sandelin study, which reported the 
lowest efficacy for topical versus oral NSAIDs, evaluated topical eltenac, a drug that is no longer 
being investigated for use in humans. 33:> 



Table 31. Head-to-head trials of topical versus oral NSAID for osteoarthritis 



Author, year 


Condition 
Number enrolled 


Comparison 


Duration of 
study 


Definition of clinical 
success 


Dickson, 1991 


OA of knee 
235 


Piroxicam 0.5% 
Ibuprofen 400 mg po 
tid 


4 weeks 


Patient global 
assessment 'good' or 
'excellent' 


Sandelin, 1997 JJ3 


OA of knee 
208 


Eltenac 1% gel 
Diclofenac 50 mg bid 


4 weeks 


Physician global 
assessment 'good' 


Zacher, 2001 JJb 


OA of fingers 
321 


Diclofenac 1 % gel 
Ibuprofen 400 mg po 
tid 


3 weeks 


>=40% improvement 
in pain on 100 mm 
VAS 


Tugwell, 2004^ B 


OA of knee 
622 


Diclofenac 1.5% in 
carrier with 45.5% 
DMSO 

Diclofenac 50 mg po 
tid 


12 weeks 


OMERACT VI 
criteria 38 for clinical 
responder 
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Figure 1. Clinical success in trials comparing a topical versus an oral NSAID 



Review: NSAIOs 

Comparison: 01 Topical vs. oral NSAID 

Outcome; Ol Clinical success 



Study 

or sub-category 



Topical NSAID 
n/N 



Oral NSAID 
n/N 



OR (random) 
95% CI 



Weight 
% 



OR (random) 
95% CI 



Year 



OitAson 
Sandelin 
Zacner 
Tugwell 



22/126 
56/165 
201/303 



Total (95% CI) 7i> 

Total events: 357 (Top'cal NSAID). 351 (Oral NSAID) 

Test for neterogenerty: ChP = 5.18. df = 3 (P = 0.16). P = 42.1% 

Test tor overall effect: Z = 0.31 (P = 0.76) 



65/118 
23/82 
53/156 
210/303 

655 



22.63 
16.05 
26.35 
34 .92 

100.00 



0.2 0.5 
Favours oral 



2 5 10 

Favours topical 



1.13 {0.68. 1.90] 

0.54 10.23, 1.061 

1.30 {0.B2. 2.04| 

0.97 (0.62. 1.23) 

0.35 J0.7C, 1.301 



1991 
1997 
2001 
2004 



Only three small (sample sizes 40, 85, and 129), short-term (2- to 4-week) trials directly 
compared different topical NSAIDs for chronic pain conditions. They found no differences 
between topical diclofenac and indomethacin, topical flurbiprofen and piketoprofen, 340 or 
topical ketoprofen and diclofenac/ 41 

The two systematic reviews came to somewhat different conclusions regarding the efficacy 
of topical NSAIDs compared with placebo. Lin et al found that topical NSAIDs were effective 
only during the first 2 weeks of treatment. 332 However, their conclusions at 3 and 4 weeks were 
entirely based on three trials that evaluated eltenac gel (no longer produced or studied for human 
use) or a topical salicylate (no longer classified as a topical NSAID). Mason et al, on the other 
hand, found NSAIDs superior to placebo (relative risk for improvement in symptoms 1.9, 95% 
CI 1 .7 to 2.2) from 14 placebo-controlled trials of varying duration, with a number needed to 
treat for one case of clinical success (approximate 50% reduction in pain) of 4.6 (95% CI 3.8 to 
5.9). JJJ Results were not sensitive to quality ratings, trial sample size, outcome measured, or 
condition (knee osteoarthritis versus other musculoskeletal conditions). 

Four placebo-controlled trials of topical NSAIDs for osteoarthritis 342 * 345 have been published 
since the systematic reviews were conducted. Three of these trials lasted longer than 4 weeks, 
and all found topical NSAIDs effective. The results of these trials are summarized in Table 32 
for the dichotomous outcome "clinical success. " The longest trial of topical versus oral 
NSAIDs — a 2-year study of topical versus oral ibuprofen fimded by the UK Health Technology 
Assessment Program— will not be completed until 2007. 346 



Table 32. Clinical success rates in recent placebo-controlled trials of topical NSAIDs 



Study 


Duration 


Definition of 'clinical 
success' 


Treatment group 


Proportion of subjects 
classified as 'clinical 
success' at end of 
study period 


Bookman, 2004 J4J 


4 weeks 


>50% reduction in pain 


Diclofenac 

Vehicle-control 

Placebo 


44/84 (52.4%) 
26/79 (32.9%) 
28/84 (33.3%) 


Roth, 2004^ 


12 weeks 


>50% reduction in pain 


Diclofenac 
Vehicle-control 


79/163 (48.5%) 
55/159 (34.6%) 


Baer, 2005^' 


6 weeks 


>50% reduction in pain 


Diclofenac 
Vehicle-control 


46/105 (43.8%) 
27/107 (25.2%) 


Trnavsky, 2004^ 


7 days 


Reduction of >18 mm 
in VAS or >23% from 
baseline for pain 


Ibuprofen 
Placebo 


21/25 (84.0%) 
10/25 (40.0%) 
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Placebo-controlled trials also suggest that topical NSAIDs differ with regard to efficacy. 
Topical diclofenac, which has been evaluated in the most (eight) trials, was consistently superior 
to placebo or associated with a trend towards superiority. 333, 42044 Several of these trials 
evaluated a proprietary compound (not available in the U.S.) of topical diclofenac in a carrier 
containing DiMSO (Pennsaid®)/ 47 Ibuprofen was superior to placebo for chronic pain 
conditions in three RCTs. 333,343 By contrast, evidence regarding the efficacy of other topical 
NSAIDs for chronic conditions is much more scant (see Mason, 333 Additional Files 4 and 5). 
Four trials found topical piroxicam no better than placebo, homeopathic gel, or glyceryl trinitrate 
1% cream. One RCT found topical ketoprofen no better than placebo. Topical felbinac, 
flufenamate. and indomethacin have only been evaluated in one or two small trials each. 
Evidence on topical flurbiprofen was mixed: one trial found topical flurbiprofen superior to 
placebo, but another found no differences. 



Topical NSAIDs - Safety 

Topical NSAIDs were associated with increased local adverse events (skin reactions such as 
rash, itch, and burning) compared with oral NSAIDs in two recent systematic reviews. 3327 333 
However, there were no differences for total adverse events, systemic adverse events, withdrawal 
due to adverse events, gastrointestinal events, or central nervous system events. For the outcome 
of withdrawal due to adverse events, we found no differences when we pooled the three trials 
included in the earlier reviews and a fourth, 338 more recent trial. 



Figure 2. Withdrawal due to adverse events in trials comparing a topical to an oral NSAID 



Review: NSAIDs 

Comparison: 01 Topical vs. oral NSAID 

Outcome: 02 Withdrawal due to adverse events 



Study 

or sub-category 


Topical NSAID 
n/N 


Oral NSAIO 
n/N 




OR (random) 
95% CI 


Weight 
% 






OR (random) 
95% CI 


Year 


Dickson 
Sandelin 
Zacher 
Tugwell 


9/117 
4/126 
5/165 
64/311 


7/118 
1/82 
16/156 
79/311 








23.77 


1 


32 
66 
27 
76 


(0.48, 3.67) 
[0.29, 24.19] 
[0.1O. 0.77) 
(0.52. 1.11) 


1991 
1997 
2001 
2004 


4 






► 7.97 

23.60 
44.66 


2 
0 
0 


Tolal {95% CI) 


715 


667 








1G0.Q0 


c 


75 


{0.33, 1.49} 





Total events: 82 (Topical NSAID). 103 (Oral NSAID) 
Test for heterogeneity Chi* = 6.1 4, df = 3 (P = 0. 1 1 ). I 1 = 5 1 . 1% 
Test for overall effect: 2 = 0.82 (P = 0.41) 

_.~ ^ ^ 0.5 1 2 5 10 

Favours topical Favours oral 



Among the head-to-head trials, Tugwell et al provides the most information about adverse 
events because it has the largest sample size, the longest duration of follow-up, and used pre- 
specified definitions for adverse events and adverse-event severity. Topical diclofenac was 
associated with more local skin reactions but with fewer systemic and laboratory adverse events 
(Table 33). 
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Table 33. Adverse events from a trial comparing topical to oral diclofenac 



Adverse event 


Topical diclofenac in 


Oral diclofenac 


P value for 




DMSO carrier (n=311) 


(n=311) 


difference 


Withdrawal due to adverse event 


21% 


25% 


0.15 


Increase in mean blood pressure >= 5 mm Hg 


24% 


28% 


0.30 


Dry skin 


27% 


1% 


<0.0001 


Rash 


12% 


2% 


<0.0001 


Pruritus 


6% 


0.6% 


<0.0001 


Gastrointestinal events (abdominal pain, 
constipation, diarrhea, dyspepsia, flatulence, 
melena, nausea, vomiting) 


35% 


48% 


0.0006 


Severe gastrointestinal event (defined as 
producing significant impairment of functioning 
and definite hazard to patient's health) 


2.6% 


10.2% 


0.0003 


Melena 


1% 


2% 


0.36 


Asthma 


3% 


0.6% 


0.02 


Dizziness 


0.6% 


4% 


0.002 


Dyspnea 


0% 


2% 


0.01 


Hemoglobin went from normal to abnormal 


2% 


10% 


<0.0001 


Alanine transaminase increase to >3 times the 
upper limit or normal 


1.1% 


4.7% 


0.01 


Creatinine clearance went from normal to 
abnormal 


4% 


10% 


0.01 



No RCT was adequately designed to assess risks for serious but uncommon adverse events 
such as myocardial infarction, renal failure, or gastrointestinal bleeding. We identified one case- 
control study (1,103 cases) that evaluated the risk of hospital admission for upper gastrointestinal 
bleeding and perforation in patients taking topical NSAIDs. 348 After adjusting for the 
confounding effects of exposure to oral NSAIDs and ulcer healing drugs, there was no 
association between exposure to topical NSAIDs within 45 days of an upper GI bleed (OR 1.45, 
95% CI 0.84 to 2.50 with community controls and OR 1 .06, 95% CI 0.60 to 1.88 with hospital ' 
controls). By contrast, oral NSAIDs were associated with increased risk (OR 2.59, 95% CI 2.12 
to 3.16 for community controls and 2.00, 95% CI 1.60 to 2.50 for hospital controls). In a nested 
case-control study of the General Practice Research Database, topical NSAID use was not 
associated with symptomatic peptic ulcer (RR=1.0 versus non-use, 95% CI 0.6 to 1.7), though 
oral NSAID use was associated with increased risk (RR-4.0, 95% CI 3.2 to 5. 1). 234 

We identified one case-control study of similar design that found exposure to topical 
NSAIDs not associated with acute renal failure (adjusted OR 1.33, 95% CI 0.79 to 2.24 using 
community controls and 1.04, 95% CI 0.60 to 1.83 using hospital controls). 349 Recent exposure 
to oral NSAIDs, on the other hand, was associated with increased risk of renal failure using 
either community (adjusted OR 2.20, 95% CI 1 .49 to 3.25) or hospital (adjusted OR 1 .84, 95% 
CI 1.15 to 2.93) controls. We identified no studies comparing the risk of cardiovascular events 
in persons on topical versus oral NSAIDs. 

Topical Salicylates (Including Capsaicin) 

We identified no trials comparing topical salicylates to oral or topical NSAIDs. One recent 
good-quality systematic review found topical salicylates superior to placebo for pain relief when 
data from six trials were pooled (relative benefit 1.5, 95% CI 1.3 to 1.9; NNT 5.3, 95% CI 3.6 to 
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10. 2). 32 However, the three higher quality trials found no significant benefit (relative benefit 1.3, 
95% CI 0.98 to 1.6). Local adverse events were rare, but the quality of adverse-event reporting 
was poor. 

We identified no trials comparing topical capsaicin to oral or topical NSAIDs. One recent 
good-quality systematic review found that for chronic musculoskeletal pain, capsaicin was 
superior to placebo for achieving clinical success (defined as approximately a 50% reduction in 
pain), with a relative benefit of 1.5 (three trials, 95% CI 1.1 to 2.0) and number needed to treat of 
8.1 (4.6 to 34). 350 About 54% of patients had local adverse events with capsaicin, compared with 
15%o with placebo (relative risk 3.6, 95% CI 2.6 to 5.0). Withdrawals due to adverse events were 
also significantly more likely with capsaicin (13% vs. 3%, relative risk 4.0, 95% CI 2.3 to 6.8). 
An older systematic review was excluded because it appears outdated. 351 
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Chapter 4. Summary and Discussion 



The table below summarizes the strength of evidence and results for each key question. 
Publication bias is an issue for all of these questions ; because we do not know the complete 
details or results of unpublished trials submitted to the FDA or trials that have been conducted 
but not published or submitted to the FDA 



Table 34. Summary of findings with strength of evidence 



Key Question 


Level of Evidence 


Conclusion 


1a. What are the comparative 
benefits and harms of treating 
osteoarthritis with oral 
medications or supplements? 






Efficacy: Non-selective NSAID 
vs. non-selective NSAID 


Non-selective NSAID vs. non- 
selective NSAID: good. 
Consistent evidence from 
several good-quality systematic 
reviews and published trials. 
Salsalate vs. aspirin. Poor. One 
short-term trial. 
Salsalate or aspirin vs. non- 
aspirin NSAIDs. Poor. 


No difference in efficacy between various non- 
aspirin, non-selective NSAIDs or partially 
selective NSAIDs (meloxicam, nabumetone, 
etodolac). No difference between salsalate 
and aspirin in one short-term trial. There were 
no trials or eligible observational studies of 
salsalate or aspirin vs. non-aspirin NSAIDs. 


Efficacy: COX-2 selective vs. 
non-selective NSAID 


Good. Consistent evidence 
from many published trials 


No difference. 


Efficacy: COX-2 selective vs. 
COX-2 selective 


Good. Consistent evidence 
from six published trials. 


No clinically significant differences at 
comparable doses. 


Gl and CV safety: Rofecoxib 


Good. One large published trial, 
multiple meta-analyses and 
systematic reviews of published 
and unpublished trials, multiple 
observational studies. 


In a pivotal, long-term trial (VIGOR) of patients 
with rheumatoid arthritis, rofecoxib 50 mg 
daily reduced symptomatic ulcers and serious 
ulcer complications compared with naproxen. 
After an average of 9 months, rofecoxib use 
was associated with 1 fewer symptomatic 
ulcer for every 62 patients treated; one fewer 
serious Gl complication for every 191 ; and 
one additional Ml for every 333 patients. The 
overall rate of serious adverse events, 
however, was higher with rofecoxib than 
naproxen. Higher-quality systematic reviews 
and observational studies are generally 
consistent with these findings (about 3.5 
additional myocardial infarctions for every 
1000 patients treated for one year). One long- 
term placebo-controlled polyp prevention trial 
also found an increased risk of Ml. 


Gl and CV safety: Ceiecoxib 


Fair: Multiple meta-analyses and 
systematic reviews of mostly 
short-term published and 
unpublished trials, multiple 
observational studies. 


In the only published large, long-term study 
(CLASS), ceiecoxib was no better than 
diclofenac or ibuprofen for complicated or 
symptomatic ulcers at the end of follow-up. In 
subgroup analyses of patients not on aspirin, 
ceiecoxib was superior to ibuprofen but not to 
diclofenac for ulcer complications. There was 
no increase in the rate of cardiovascular 
events for ceiecoxib in CLASS. The overall 
rate of serious adverse events was similar 
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Key Question 


Level of Evidence 


Conclusion 






with celecoxib compared to ibuprofen and 
diclofenac. Systematic reviews and other 
meta-analyses of primarily short-term, 
unpublished data and lower doses found 
celecoxib superior to non-selective NSAIDs 
for ulcer complications. Observational studies 
are generally consistent with the short-term 
trials. However, recent meta-analyses found 
an increased risk of myocardial infarction with 
celecoxib compared with placebo (about 3.5 
myocardial infarction for every 1000 patients 
treated for one year), with much of the 
evidence for increased risk coming from two 
large polyp prevention trials. 


Gl and CV safety: Valdecoxib 


Fair: Fair quality meta-analyses 
of published and unpublished 
trials 


Compared to non-selective NSAIDs, 
valdecoxib was associated with one fewer 
upper Gl complication with valdecoxib for 
every 78 patients treated for 3 to 6 months. 
There was no association between valdecoxib 
and myocardial infarction in primarily short- 
term chronic pain trials. However, two short- 
term trials in a high-risk post-coronary artery 
surgery setting found that valdecoxib was 
associated with an acute two- to three-fold 
higher risk of cardiovascular events compared 
with placebo. 


Gl and CV safety: Etoricoxib 


Fair: Several fair quality meta- 
analyses of published and 

unnuhli^hpH trials 


Gl safety: Etoricoxib was associated with 
fewer perforations, symptomatic ulcers, and 
bleeds than diclofenac ibuDrofen and 
naproxen (rate/100 patient-years 1.00 vs. 
2.47). 

CV safety: Based on limited data from short- 
term trials, etoricoxib has a cardiovascular 
safety profile similar to non-selective NSAIDs, 
with the possible exception of naproxen. 


GI and CV safety: Lumiracoxib 


Fair: One large, long-term trial 


G.I safety: In patients not taking low-dose 
aspirin, lumiracoxib was associated with a 
lower risk of ulcer complications compared to 
naproxen and ibuprofen (1-year incidence 
0.25% vs. 1.09%, p<0.0001). 

CV safety: There were no differences in the 
risk of serious CV events (rates ranged from 
0.11% to 0.38% after 1 year). 


Gl and CV safety: Partially 
selective NSAIDs 


Gl safety: Fair for meloxicam 
(short-term RCTs, meta- 
analyses, observational 
studies); poor for nabumetone 
and etodolac 

CV safety: Poor for all; two 
observational studies for 
meloxicam 


Gl safety: Meloxicam and non-selective 
NSAIDs were generally associated with 
similar risks of serious Gl events; evidence 
was insufficient to make reliable judgments 
about Gl safety of nabumetone and etodolac 

CV safety: Very sparse evidence that 
meloxicam and non-selective NSAIDs were 
associated with similar risks of serious CV 
events; no evidence for nabumetone and 
etodolac \ 


G! and CV safety: Non- 
selective NSAIDs 


Good for Gl safety. Consistent 
evidence from many published 
trials, systematic reviews, and 
observational studies 


No clear difference in Gl safety between non- 
selective NSAIDs at commonly used doses. 
Naproxen was associated with a modest 
cardiovascular protective effect compared to 
other NSAIDs in a good-quality systematic 
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Key Question 


Level of Evidence 


Conclusion 




Fair for CV safety. No large, 
long-term controlled trials. 
Almost all evidence from 
observational studies 


review of observational studies, but 
methodological issues could have affected the 
results. 

Comparative CV safety of other non-aspirin 
NSAIDs is not clear. A large systematic 
review of RCTs addressing this issue has not 
yet been published. 


Gl and CV safety: Aspirin 


Fair. Many trials and systematic 
reviews, but almost exclusively 
in patients receiving aspirin at 
doses used for cardiovascular 
prophylaxis. 


Aspirin is associated with a lower risk of 
thromboembolic events and a higher risk of Gl 
bleeds when given in prophylactic doses. 
There is insufficient evidence to assess safety 
of aspirin in doses used for pain control 
compared with non-aspirin NSAIDs. 


Gl and CV safety: Salsalate 


Poor. Flawed observational 
data 


Salsalate was associated with a lower risk of 
adverse events using broad composite 
endpoints in older, poor-quality observational 
studies. In a more recent observational study, 
salsalate had a similar rate of complications 
compared with other NSAIDs. Almost no data 
is available on CV safety. 


Mortality 


Fair. Individual trials not large 
enough to detect differences in 
mortality. One meta-analysis of 
celecoxib using unpublished . 
information, and one fair-quality 
observational study of non- 
selective NSAIDs. 


No difference between celecoxib and non- 
selective NSAIDs, but few deaths occurred. 
In one cohort study, nabumetone was 
associated with lower all-cause mortality 
compared with diclofenac and naproxen, but 
this finding has not been replicated. 


HTN, CHF, edema, and 
impaired renal function 


Fair. Multiple systematic 
reviews, clinical trials, and 
observational studies, but 
analyses limited by inconsistent 
reporting of results and probable 
publication bias 


All NSAIDs are associated with deleterious 
effects on blood pressure, edema, and renal 
function. Indirect evidence and observational 
data suggests that rofecoxib is associated 
with a greater risk of hypertension, CHF, and 
edema compared to celecoxib. Rofecoxib 
was also associated with more cardiorenal 
events than celecoxib in three head-to-head 
trials of high-risk patients, but possible 
nonequivalent dosing limits interpretation of 
these results. No clear differences between 
celecoxib, partially selective, and non- 
selective NSAIDs. 


Hepatotoxicity 


Good. Systematic reviews of 
multiple trials and observational 
studies 


Clinically significant hepatotoxicity was rare. 
Several NSAIDs associated with high rates of 
hepatotoxicity have been removed from the 
market. Among currently marketed NSAIDs, 
diclofenac was associated with a higher rate 
of liver-related discontinuations compared with 
placebo (2.17%). 


Tolerability 


Good for coxibs and non- 
selective NSAIDs (consistent 
results from multiple systematic 
reviews); fair for partially 
selective NSAIDs, aspirin, and 
salsalate (few meta-analyses 
and short-term trials) 


Relative to non-selective NSAIDs, coxibs and 
partially selective NSAIDs were at least as 
well tolerated and aspirin was less tolerated; 
salsalate was less well tolerated than non- 
selective NSAIDs in 2 of 3 trials, but less toxic 
in flawed observational studies; no clear 
differences among coxibs or among non- 
selective NSAIDs 


Acetaminophen 


Good overall. Consistent results 
from multiple systematic reviews 
for efficacy and Gl adverse ! 
events. 

Poor for cardiovascular safety 


Acetaminophen is modestly inferior to NSAIDs 
for reducing pain and improving function. 
Acetaminophen is superior to NSAIDs for Gl 
side effects (clinical trials data) and Gl 
complications (observational studies). 
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1/nif Hi locfinn 

r\ey vjuesuon 


Level of Evidence 


Conclusion 




(no evidence on myocardial 
infarctions) and fair for renal 
safety (observational studies) 


Acetaminophen may be associated with 
modest increases in blood pressure and renal 
dysfunction (observational studies). 
Acetaminophen does not appear to be 
associated with an increased risk of 
hepatotoxicity at therapeutic doses in patients 
without underlying liver disease. 


Glucosamine and chondroitin 


Fair. Inconsistent evidence from 
clinical trials. The most 
promising results have been 
obtained in trials funded by a 
European manufacturer of 
pharmaceutical grade 
glucosamine not approved in the 
U.S. 


A recent large, good-quality NIH-funded trial 
found that pharmaceutical grade glucosamine 
hydrochloride and chondroitin sulfate alone or 
in combination were not superior to placebo 
among all patients studied. In a small 
subgroup of patients with at least moderate 
baseline pain, there appeared to be a modest 
benefit for pain relief from the combination, 
but this did not appear to be a preplanned 
analysis. In older trials, many with some 
flaws, glucosamine was superior to oral 
NSAIDs and placebo in trials evaluating 
pharmaceutical grade glucosamine and 
funded by its manufacturer. Other trials found 
no difference between glucosamine and 
placebo or glucosamine and oral NSAIDs. 
Chondroitin was superior to placebo in older, 
flawed trials. Data on the effects of 
glucosamine on slowing progression of 
disease are limited to two trials showing 
beneficial effects on progression of knee joint 
narrowing. Glucosamine and chondroitin 
were consistently well tolerated, with no 
serious adverse events reported in the trials. 


1b. How do these benefits and 
harms change with dosage 
and duration of treatment, and 
what is the evidence that 
alternative dosage strategies, 
such as intermittent dosing 
and drug holidays, affect the 
Deneiiis ano narms or orai 
medication use? 


Good for safety (consistent 
evidence from multiple clinical 
trials and observational studies), 
no evidence for alternative 
dosage strategies. 


Risk of Gl bleeding increases with higher 
doses of non-selective NSAIDs. Effects of 
dose and duration are somewhat inconsistent. 
Celecoxib was most effective for Gl safety at 6 
months and not after longer follow-up in the 
CLASS trials. A trend towards a dose- 
dependent CV risk of celecoxib was observed 

I ri n n farm nro\fQnf!nn triol \ / r i r* L* r\4 

in a long-ierm prevention iriai. risK ot 
rofecoxib became most apparent after 8 
months in VIGOR and after 18 months in the 
APPROVe prevention trial, but interpretation 
of earlier risk is imprecise because of small 

nnmhorc r>f o\/ontc Mnct hi it nnl all 
MUMIUGlo Ul CVCIIlo. IVIUoL, UUl MUl all, 

observational studies suggest a dose- 
dependent effect of rofecoxib on Ml risk. 


2. Do the comparative 
benefits and harms of oral 
treatments for osteoarthritis 
vary for certain demographic 
and clinical subgroups? 






Demographic subgroups 
including age, sex, and race 


Good (age, sex) 
Poor (race) 


Most studies included a majority of women. 
The risks of Gl and CV events increase in 
older Datients The data that selective COX-2 
inhibitors are safe and efficacious in different 
racial groups have been presented to the 
FDA. In the peer-reviewed literature, there is 
no evidence that the comparative efficacy of 
different selective and non-selective NSAIDs 
varies according to age, gender, or race. 
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Key Question 


Level of Evidence 


Conclusion ■> . 


Pre-existing disease including' 
history of previous bleeding due 
to NSAIDs or peptic ulcer 
disease; hypertension, edema, 
ischemic heart disease, and 
heart failure 


Previous bleeding: Good 
Hypertension, edema: Fair 
Ischemic Heart Disease: Poor 
(no comparative studies) 
Heart failure: Fair 


Ri9k of bleeding is higher in patients with prior • 
bleeding or PUD. Two trials found high rates 
of recurrent ulcer bleeding in patients 
randomized either to celecoxib or a non- 
selective NSAID + PPI. Risk of CV and renal 
events is higher in patients with cardiac and 
renal co-morbidities. In a single observational 
study that examined mortality, rofecoxib and 
non-selective NSAIDs were associated with 
higher rates of death and recurrent heart 
failure than celecoxib. 


Concomitant anticoagulant use 


Fair overall: Primarily 
observational studies 


Concomitant use of anticoagulants and non- 
selective NSAIDs increase the risk of Gl 
bleeding three- to six-fold. Reliable 
conclusions about the safety of selective 
NSAIDs in the setting of anticoagulation could 
not be drawn from flawed observational 
studies, though there are case reports of 
serious bleeding events (primarily in the 
elderly). Warfarin plus aspirin (prophylactic ! 
doses) increased the risk of bleeding 
compared with warfarin alone in patients with 
indications for antithrombotic prophylaxis. 
Acetaminophen can increase INR levels, but 
effects on bleeding rates have not been 
studied. 


Concomitant aspirin use 


Good for Gl safety: Consistent 
evidence from clinical trials and 
observational studies 

Fair for CV safety: Subgroup 
analyses from few trials, few 
observational studies 


Concomitant use of aspirin appears to 
attenuate or eliminate the Gl benefits of 
selective NSAIDs. Concomitant low-dose 
aspirin increased the rate of endoscopic 
ulcers by about 6% in patients on celecoxib 
and those on non-selective NSAIDs in one 
meta-analysis. In one trial, rofecoxib plus low- 
dose aspirin and ibuprofen were associated 
with a similar risk of endoscopic ulcers (16- 
17%); both were significantly higher than 
placebo (6%) or aspirin alone (7%). Evidence 
regarding the effects of concomitant aspirin 
use on CV risk associated with selective or 
non-selective NSAIDs is limited, though three 
polyp prevention trials of rofecoxib or 
celecoxib found that concomitant aspirin use 
did not attenuate the observed increased risk 
of CV events. 


3. What are the comparative 
effects of co-prescribing of 
H2-antagonists, misoprostol, 
or proton pump inhibitors 
(PPIs) on the gastrointestinal 
harms associated with NSAID 
use? 


Good: Consistent evidence 
from good-quality systematic 
reviews and numerous clinical 
trials 


Co-prescribing of misoprostol or PPIs with 
NSAIDs offers some advantages over full- 
dose H2-antagonists. PPIs are associated 
with the lowest rates of endoscopically 
detected duodenal ulcers. Misoprostol and 
PPIs are associated with similar rates of 
endoscopically detected gastric ulcers as 
PPIs. While misoprostol offers the advantage 
of being the only gastroprotective agent to 
reduce rates of clinical G! events, it is also 
associated with an increased risk of Gl-related 
adverse event withdrawals. Full-dose H2 
blockers were associated with lower ulcer risk 
than placebo, but head-to-head trials against 
PPIs and misoprostol are lacking. Endoscopic 
duodenal ulcer risk for standard dose H2 
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Key Question 


Level of Evidence 


Conclusion 






blockers was lower than placebo/ similar. to . ' 
misoprostol, and higher than omeprazole; ■ 
standard dosages of H2 blockers and placebo - 
were associated with similar'gastric ulcer risk 


4. What are the comparative 
benefits and harms of treating 
osteoarthritis with oral 
medications as compared 
with topical preparations? 






Topical NSAIDs: efficacy 


Good: Consistent evidence for 
selected topical NSAIDs from 
clinical trials 


Topical NSAIDs are similar to oral NSAIDs for 
efficacy. Topical diclofenac is the best 
studied, though many trials evaluated a 
formulation using a DMSO carrier that is not 
available in the U.S. Topical ibuprofen was 
suDerior to Dlacebo in spvpral triak 


Topical NSAIDs: safety 


Good: Consistent evidence 
from trials and systematic 
reviews and observational 
studies 


Topical NSAIDs are associated with increased 
local adverse events compared with oral 
NSAIDs. Total adverse events and 
withdrawal due to adverse events are similar. 
Topical NSAIDs are superior for Gl events, 
including severe events, and changes in 
hemoglobin (data from one qood-quality trial). 


Topical salicylates: (including 
capsaicin) 


Fair: Only placebo-controlled 
trials, many of which were 
flawed 


Topical salicylates were no better than 
placebo in higher-quality trials. Topical 
capsaicin was superior to placebo (NNT 8.1), 
but associated with increased local adverse 
events and withdrawals due to adverse 
events. 



Discussion 



This report provides a comprehensive summary of the comparative efficacy and safety of 
oral nonsteroidal anti-inflammatory drugs (NSAIDs) (selective, non-selective, aspirin, and 
salsalate), acetaminophen, certain over-the-counter supplements (chondroitin and glucosamine), 
and topical agents (NSAIDs and rubefacients, including capsaicin) that are commonly used for 
pain control and improvement of functional status in patients with osteoarthritis. At this time, no 
drug or supplement is known to modify the course of disease, though initial long-term trials of 
pharmaceutical grade glucosamine suggest an effect on radiologic evidence for disease 
progression. 

Evidence regarding the benefits of oral NSAIDs from primarily short-term randomized 
controlled trials is abundant and demonstrates no clear, consistent differences for relieving pain 
or other osteoarthritis-related symptoms, or for superior tolerability. On the other hand, much of 
the uncertainty and confusion regarding NSAIDs centers on their comparative safety. 

The trade-offs between reduced GI risk and increased CV harms was first clearly observed in 
VIGOR. In this trial, rofecoxib 50 mg daily significantly reduced symptomatic ulcers (NNT=62) 
and serious ulcer complications (NNT=191) compared with naproxen in patients with 
rheumatoid arthritis. 19 However, the Gl-protective effects were accompanied by a more than 
four-fold increase in myocardial infarctions, or one additional myocardial infarction for every 
333 patients treated with rofecoxib. When considering all "serious" adverse events, moreover, 
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.rofecoxib was not associated with any clear benefit compared 'with, naproxen. 114 

Rofecoxib became the focus of intense scrutiny following publication of VIGOR. 
Subsequently, multiple observational studies 138 " 141, 143 " b2 and systematic reviews 124, 129 of RCTs 
have reported findings largely consistent with an increased risk of cardiovascular events with 
exposure to rofecoxib. Rofecoxib was voluntarily withdrawn from the market in 2004,, after a 
long-term placebo-controlled polyp prevention trial reported increased cardiovascular risk. 132 
Valdecoxib was likewise voluntarily withdrawn from the market in 2005. Withdrawal was 
recommended by FDA based on their conclusion that valdecoxib associated with no clear GI 
benefit, 117 an increased risk of serious skin reactions, 168 and potential increased risk of CV 
events. 16i ' 166 As a result, celecoxib is the only selective NSAID currently available in the U.S. 

The same concerns about the overall safety of rofecoxib have been directed at celecoxib. 
The evidence regarding the relative Gl and CV safety of celecoxib, however, is less clear. In 
CLASS, the largest published study of GI complications, celecoxib was not significantly 
different than diclofenac or ibuprofen for either ulcer complications or myocardial infarctions by 
the end of follow-up. 94 Like the VIGOR trial, re-analysis of all serious adverse events in CLASS 
found no significant advantage for celecoxib. 94 On the other hand, systematic reviews and other 
meta-analyses of primarily short-term and frequently unpublished data found that celecoxib 
(primarily at lower doses than were used in CLASS) was associated with lower rates of ulcer 
complications than non-selective NSAIDs. 62, 121 These findings, in combination with earlier 
systematic reviews of primarily short-term trials that found no increased cardiovascular risk with 
celecoxib, suggested a possible advantage of celecoxib over non-selective NSAIDs. 62, Ij4, lj:> 
More recent meta-analyses (including data from long-term polyp prevention trials) reporting an 
increased risk of myocardial infarctions with celecoxib (particularly at high doses) relative to 
placebo, however, raise additional questions about its appropriate use. 129 ' 136 

Well-designed, long-term observational studies could provide 'real-world 5 information not 
available from most RCTs, which are usually designed as short-term efficacy trials that evaluate 
selected populations and employ rigid dosing regimens (often at high doses) under carefully 
controlled conditions. Observational studies are generally consistent with the RCTs in that 
celecoxib is consistently GI protective b9; 162 or neutral 138 and not associated with higher risks of 
CV events relative to non-selective NSAIDs. 144, 14d ' b0, 160 Additionally, celecoxib is associated 
with lower risks of serious GI events than rofecoxib. 139, 142 Evidence from observational studies 
is less clear with regard to how celecoxib compares to rofecoxib in terms of CV risk due to 
differences in outcome reporting and in the number and type of factors adjusted for in outcome 
analyses. 

An important drawback of the observational studies, however, is that they largely focus on 
individual adverse events in isolation. More informative analyses of the overall trade-off 
between risks and benefits would consider net harms from all serious adverse events. Our re- 
analysis of results from three studies 139, 147, 163 reporting myocardial infarctions, heart failure 
hospitalizations, and gastrointestinal bleeding in an elderly Canadian population receiving 
multiple prescriptions suggests that in everyday use, celecoxib may confer net advantages in 
terms of the number of these events compared with rofecoxib and non-selective NSAIDs. 
However, additional studies on original data are needed to confirm this finding in other settings. 

The cardiovascular effects of naproxen and other non-selective NSAIDs have been the 
subject of considerable debate since the publication of the VIGOR trial. At this time, among 
NSAIDs with sufficient evidence to assess cardiovascular risk, naproxen appears to offer the 
most favorable cardiovascular safety profile. In a recent, comprehensive systematic review, 
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naproxen (even at high doses) was moderately superior to CQX-2 inhibitors for. cardiovascular 
safety. 129 In addition, naproxen was the only NSAID (selective or non-selective) associated with- • 
a neutral cardiovascular effect relative to placebo,- though these analyses were primarily based oxi 
indirect comparisons. The cardiovascular risks of non-naproxen, non-selective NSAIDs were . .. . 
similar to the selective COX-2 inhibitors, though most of the evidence was limited to high-dose 
ibuprofen and diclofenac. At this time, there is insufficient evidence to reliably judge the relative 
cardiovascular safety of other non-selective NSAIDs or the partially selective drugs nabumetone, 
diclofenac, and meloxicam. For GI safety, no clear advantage for any particular partially 
selective or non-selective NSAIDs has been demonstrated. 

Topical NSAIDs may offer the advantages of local analgesic and anti-inflammatory effects 
without the systemic side effects of oral administration. They would probably be most useful in 
patients with a limited number of affected joints. Although topical NSAIDs appear comparable 
to oral NSAIDs for pain relief in several trials, the most convincing evidence comes from a 
recent trial that evaluated a proprietary formulation of diclofenac with DMSO that has not been 
FDA-approved. 338 Topical NSAIDs appear safer than oral NSAIDs for GI safety, but data on 
comparative cardiovascular risks are not available. The relative benefits of topical rubefacients 
compared with topical or oral NSAIDs has not been adequately studied, and other than for 
capsaicin (which is sometimes classified separately from the rubefacients), there is insufficient 
evidence to prove that topical rubefacients are superior to placebo for osteoarthritis. 

Acetaminophen is often considered an attractive alternative to NSAIDs because of its 
perceived safety profile. It was associated with Gl-protective effects relative to non-selective 
NSAIDs, 229 ' 231 though at the expense of modestly inferior efficacy. 234 More evidence is needed 
to compare the effects of acetaminophen and NSAIDs on other important adverse events such as 
cardiovascular safety, renal dysfunction, blood pressure, and heart failure. However, one recent 
observational study found that heavy use of acetaminophen is associated with increased 
cardiovascular risks similar to that seen with NSAIDs.~ j7 Aspirin is another alternative that has 
the advantage of a cardiovascular protective effect. However, nearly all of the evidence on 
cardiovascular and GI safety of aspirin is from trials using lower, preventative doses rather than 
higher anti-inflammatory and analgesic doses. 

Glucosamine and chondroitin are widely available as over-the-counter supplements. The 
highly variable content of currently available products, however, remains a significant issue in 
the U.S. Further, nearly all of the trials demonstrating benefits of glucosamine have been 
conducted using pharmaceutical grade preparations not currently available in the U.S. 248 
Compared with the evidence for glucosamine, the evidence for chondroitin appears less 
promising. While these agents appear to be safe in the short term, high-quality, long-term safety 
data are sparse. A recent large, NIH-sponsored trial helps clarify the role of these supplements in 
management of osteoarthritis. 259 It found that the combination of pharmaceutical grade 
glucosamine and chondroitin was modestly superior to placebo only in an analysis of a small 
subgroup of patients with at least moderate severity of baseline disease. Neither glucosamine 
nor chondroitin alone was superior to placebo overall or in the subgroup of patients with greater 
baseline severity. Data on effects of glucosamine on osteoarthritis progression are limited to two 
trials showing a beneficial effect on knee joint space narrowing over three years using a 
pharmaceutical grade preparation. 

Strategies to reduce the risk of GI complications in patients taking NSAIDs include co- 
prescription of misoprostol, standard- or double-dose H2 blockers, or PPIs. All of these 
strategies are effective in reducing the risk of NSAID-associated endoscopic gastric and 
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duodenal ulcers relative to use of non-selective NSAIDs alone. Misoprostol (RR 0.36, 95% CI 
0.20 to 0.67) and PPIs (RR 0.09, 95% CI 0.02 to 0.47) also reduced NSAID-associated 
symptomatic ulcers. 293 Further, misoprostol is the only agent proven to decrease risk of clinical 
GI events, but is associated with an increased risk of withdrawals due to nausea, diarrhea, and/or 
abdominal pain. 317 In high-risk patients (those with a recent bleed), non-selective NSAIDs and 
the combination of a non-selective NSAID plus a PPI were both associated with similar, high 
rates of recurrent bleeding. 270,271 

In summary, each of the analgesics evaluated in this report was associated with a unique set 
of risks and benefits. The role of selective and non-selective oral NSAIDs and alternative agents 
will continue to evolve as additional information emerges. At this time, although the amount and 
quality of evidence varies, no currently available analgesic reviewed in this report offers a clear 
overall advantage compared with the others, which is not surprising given the complex trade-offs 
between the many benefits (pain relief, improved function, improved tolerability, and others) and 
harms (cardiovascular, renal, GI, and others) involved. In addition, individuals are likely to 
differ in how they prioritize the importance of the various benefits and harms of treatment. 
Adequate pain relief at the expense of a small increase in CV risk, for example, could be an 
acceptable trade-off for many patients. Others may consider even a marginal increase in CV risk 
unacceptable. Factors that should be considered when weighing the potential effects of an 
analgesic include age (older age being associated with increased risks for bleeding and 
cardiovascular events), co-morbid conditions, and concomitant medication use (such as aspirin 
and anticoagulation). As in other medical decisions, choosing the optimal analgesic for an 
individual with osteoarthritis should always involve careful consideration and thorough 
discussion of the relevant trade-offs. 
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Chapter 5. Future Research 



Nearly all of the clinical trials reviewed in this report were "efficacy" trials conducted in 
ideal settings and selected populations. "Pragmatic" trials that allow flexible dosing or 
medication switches and other clinical trials of effectiveness would be very valuable for 
learning the outcomes of different analgesic interventions in real-world settings. 

The cardiovascular safety of non-selective NSAIDs has not been adequately assessed in 
large, long-term clinical trials. Naproxen in particular may have a different 
cardiovascular safety profile than other NSAIDs and should be investigated in long-term, 
appropriately powered trials. The cardiovascular risks associated with the partially 
selective NSAIDs meloxicam, nabumetone, and diclofenac also have not been well 
studied. 

Large observational studies assessing the safety of NSAIDs have been helpful for 
assessing comparative benefits and harms, but have generally had a narrow focus on 
single adverse events. Observational studies that take a broader view of all serious 
adverse events would be substantially more helpful for assessing the overall trade-offs 
between benefits and harms. 

The cardiovascular risks and GI benefits associated with different COX-2 selective 
NSAIDs may vary. Large, long-term trials with active and placebo-controlled arms 
would be needed to assess the safety and benefits of any new COX-2 selective analgesic. 

Meta-analyses of the risks associated with selective COX-2 inhibitors need to better 
assess for the effects of dose and duration, as most of the cardiovascular risks have only 
occurred with prolonged use and at higher doses. 

Large, long-term trials of the GI and cardiovascular safety associated with full-dose 
aspirin, salsalate, or acetaminophen compared with non-aspirin NSAIDs or placebo are 
lacking. 

Given the large number of patients who meet criteria for aspirin prophylaxis for 
cardiovascular events, more trials evaluating the effects of low-dose aspirin on GI and 
CV risks are needed. 

Trials and observational studies evaluating comparative safety or efficacy should be 
sufficiently inclusive to evaluate whether effects differ by race or gender. 

Genetic testing could theoretically help predict patients who are at higher risk of 
cardiovascular complications from selective COX-2 inhibitors because of differences in 
the COX-2 gene promoter or other genes. This is a promising area of future research. 
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• The effects of alternative dosing strategies such as intermittent dosing or drug holidays 
have not been assessed. Studies evaluating the benefits and risks associated with such 
strategies compared with conventional dosing could help clarify the effects of these 
alternative dosing strategies. In addition, although there is speculation that once daily 
versus twice daily dosing of certain COX-2 inhibitors could affect CV risk, this 
hypothesis has not yet been tested in a clinical trial. 

• Most trials showing therapeutic benefits from glucosamine were conducted using 
pharmaceutical grade glucosamine not available in the U.S. and may not be applicable to 
currently available over-the-counter preparations. Large trials comparing currently 
available over-the-counter preparations to oral NSAIDs are needed, as these are likely to 
remain available even if the FDA approves a pharmaceutical grade glucosamine. 
Additional long-term trials are also required to further evaluate effects of glucosamine on 
progression of joint space narrowing. 

• No topical NSAIDs are FDA-approved in the U.S., yet compounding of NSAIDs is 
widely available. Although recent trials of topical NSAIDs are promising, most have 
been conducted using a proprietary formulation of diclofenac with DMSO. A UK trial of 
topical versus oral ibuprofen is currently in progress and will help clarify the benefits and 
safety of topical versus oral NSAIDs. However, cohort studies using large observational 
databases may be required to adequately assess cardiovascular risk. 
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Addendum 



As this report was going to press, two relevant meta-analyses on risks associated with 
NSAIDs were published. We were unable to fully incorporate these studies into our report, but 
their results generally appear consistent with our conclusions. 

One meta-analysis evaluated risk of renal events (peripheral edema, hypertension, or renal 
dysfunction) and arrhythmias from 1 14 randomized trials of COX-2 selective NSAIDs [Zhang J, 
Ding EL, Song Y. Adverse effects of cyclooxygenase 2 inhibitors on renal and arrhythmia 
events. Meta-analysis of randomized trials. JAMA. 

2006;296:(doi:10.100l/jama.296.13.jrv6001)]. It was rated fair-quality because it did not assess 
the quality of included studies. It found rofecoxib associated with increased risks of arrhythmia 
relative to control (placebo, other NSAID, or mixed/other) treatments (RR 2.90, 95% CI 1 .07 to 
7.88), though the number and rate of events was low (13/10126 or 0.1% in the rofecoxib arms, 
with 10 of the events ventricular fibrillation, cardiac arrest, or sudden cardiac death). The 
increase in risk was equivalent to about 1.1 additional arrhythmia events per 1000 patients 
treated with rofecoxib. Rofecoxib was also associated with an increased risk of peripheral 
edema (RR 1.43, 95% CI 1.23 to 1.66), hypertension (RR 1.55, 95% CI 1.29 to 1.85) and renal 
dysfunction (RR 2.3 1, 95% CI 1.05 to 5.07). For composite renal events (peripheral edema, 
hypertension, or renal dysfunction), risks were significantly higher with increased dose and 
increased duration of rofecoxib. Celecoxib was associated with lower risks of renal dysfunction 
(RR 0.61, 95% CI 0.40 to 0.94) and hypertension (RR 0.83, 95% CI 0.71 to 0.97) than control 
treatments, though there was no difference for composite renal events (RR 0.97, 95% CI 0.84 to 
1.12) or arrhythmia (RR 0.84, 95% CI 0.45 to 1.57). There was no clear association between 
other COX-2 inhibitors (valdecoxib/parecoxib, etoricoxib, or lumiracoxib) and arrhythmia or 
renal events, though there was a trend towards increased renal events with valdecoxib/parecoxib 
(RR 1 .24, 95% CI 1 .00 to 1 .55), and no arrhythmia events were reported in six trials of 
lumiracoxib. 

Several factors complicate interpretation of estimates of arrhythmia risk from this meta- 
analysis. First, the rate of arrhythmias varied widely between control arms for different COX-2 
selective inhibitors. For example, the rate of arrhythmias was fourteen-fold higher in the control 
arms of the celecoxib trials compared to the control arms of the rofecoxib trials (18/6568 or 0.3% 
vs. 2/10,126 or 0.01%). In addition, the proportion of specific arrhythmia events varied widely 
between drugs. For valdecoxib, over half (69/129 or 53%) of the arrhythmia events were atrial 
fibrillation, compared to 14% (3/22) for celecoxib and 8% (1/13) for rofecoxib. Finally, even 
though funnel plots and statistical tests did not suggest the presence of publication bias, only a 
minority of trials reported usable data on arrhythmia events. For example, only 10 of 37 
included trials of celecoxib (accounting for about one-third of trial participants) had data that 
could be used in the analysis of arrhythmia events. 

The second meta-analysis evaluated cardiovascular risk (primarily myocardial infarction) 
associated with NSAIDs from 23 observational studies (mostly of older populations) 
[McGettigan P, Henry D. Cardiovascular risk and inhibition of cyclooxygenase. A systematic 
review of the observational studies of selective and nonselective inhibitors of cyclooxygenase 2. 
JAMA. 2006;296:(doi:10.1001/jama.292.13.jrv6001 1)]. Its results are largely consistent with our 
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qualitative assessment of cardiovascular risk from the observational literature. This meta- 
analysis appears to meet criteria for a good-quality systematic review, but its interpretation is 
complicated by the presence of substantial (p<=0.001), unexplained between-study heterogeneity 
for the main pooled analyses. It found rofecoxib associated with an increased risk of 
cardiovascular events at both lower (25 mg/day or less, RR 1.33, 95% CI 1.00 to 1.79) and . 
higher (>25 mg/day, RR 2.19, 95% CI 1.64 to 2.91) doses, with the increased risk observable 
during the firstmonth of treatment. Of the other NS AIDs, diclofenac (RR 1 .40, 95% CI 1 . 1 6 to 
1.70) was associated with the greatest cardiovascular risk, followed by indomethacin (RR 1.30, 
95% CI 1 .07 to 1 .60) and meloxicam (RR 1 .25, 95% CI 1 .00 to 1 .55). Celecoxib (RR 1 .06, 95% 
CI 0.91 to 1.23), naproxen (RR 0.97, 95% CI 0.87 to 1.07), piroxicam (RR 1.06, 95% CI 0.70 to 
1.59), and ibuprofen (RR 1.07, 95% CI 0.97 to 1.18) were not associated with increased risks. 
Only 3 of the 23 included studies reported adjusting for over-the-counter aspirin or NSAID use; 
two other studies included patients shortly after myocardial infarction that were all prescribed or 
presumed to be on aspirin. 
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